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Anatomy. — “Further contributions to our knowledge of the brain 
of Myaine glutinosa.” By P. Rorsie (Berlin) and C. U. Arrins 
Karpers (Amsterdam). (Communicated by Prof. L. Bok). 


(Communicated in the meeting of March 28, 1914). 


The former of us has given a deseription of the motor roots and 
nuclei in Myxine glutinosa and in some Amphibia in Vol. XVI of 
these Proceedings (p. 296). 

For Myxine the topography of the V—VIL nucleus and the spino- 
occipital column has been discussed, and mention was made of the 
absence of the eyemuscle-nuclei and the motor glossopharyngeus. 

For the discussion of the vagus roots reference was made to 
further researches not yet completed at that time, which we should 
accomplish in conjunction. 

It is known that the vagus of Myxine glutinosa has caused 
many difficulties, and before giving our own results we wish 
to review the opinions of former authors, because such a review 
clearly shows the points which give rise to different interpretations. 

It is obvious that in doing so we shall be obliged to deal again 
with other roots of the cranial nerves in Myxine. 

The first description of the central nervous’ system of Myxine 
glutinosa was given by ANpers Rerzivs '), who mentions three 
nerves of the Oblongata, the Vagus, a nerve of the labyrinth (Table 
VI Le. Fig. 7), a cutaneous branch of this labyrinth nerve (Table 
VI, Fig. 8) and several branches of the V (p. 397, 400 and 401.) 

After A. Rwrztus, JOHANNES Müruuer *) gave an elaborate description 
of the origin and periferal course of the cranial nerves in Petromyzon, 
3dellostoma and Myxine. For Myxine he gave a deseription of the 
Trigeminus, Facialis, Acusticus and Vagus (comp. Fig. 4, 4 and 6 
on) Cable lM lies 556): 

It is interesting that he mentions a cutaneous branch of the VII 
(p. 193 Le. 1838), which still wants affirmation, specially since 
Miss Worruineton *) could not find any but visceral sensory and 
DA. Rerzrus, Beitrag zur Anatomie des Ader- und Nervensystems der Myxine 
Glutinosa (Lin) (Aus d. Abbandlg. d. Königl. Schwedischen Akademie der Wissen. 
schaften Jahrgang 1822 H. 2) Meikel’s Archiv für Anatomie u. Physiologie 1826 
S. 386—404. 

2) J. Mürrer, Ueb. d. eigentiimlichen Bau des Gehörorgans bei den Cyclostomen, 
mit Bemerkungen über die ungleiche Ausbildung der Sinnesorgane bei den 
Myxinoiden Abhandlg. d. Kgl. Akad. d. Wissensch. Berlin 1837 (25. 1V. 1836), 
und: Vergleichende Neurologie d. Myxinoiden, ibidem, 1838 (15. IL. 1838). 

3) J. WoRTHINGTON: Descriplive Anatomy of the Brain and cranial nerves of 
Bdellostoma dombeyi (p. 169) Quart. Journ. Miser. Science Vol. 49, 1906. 


motor fibres in the facial nerve of the American Myxinoid Bdello- 
stoma dombeyi. 

After Jon. Mürrer, Gusrar Rerzius') gave very valuable contri- 
butions which appeared abundantly illustrated in 1881 and 1893. 
It is just the excellent descriptions given by G. Rerzits that show 
how difficult the interpretation of this brain is, for G. Rerzius himself 
emphasizes at the end of his elaborate description of 1893 (p. 63) 
that — though he had been gathering the data concerning the 
brain of this animal for several years, he had not yet succeeded in 
obtaining a complete idea of its exact relations. 

G. Rerzius mentions, as did P. RéruiG in his contribution (l.c), 
the absence of the trochlearis, oculomotorius and abducens. The 
most frontal nerve roots, according to him, are two trigeminal 
branches (p. 60 and Table 24, Fig. 1—8) each provided with a 
spindleshaped ganglion. 

Following on this he finds a small nerve without ganglion (a 
motor nerve consequently) which he considers to be — like Jon. 
Miitter — the facial nerve. Close to this nerve he finds a third 
ganglionated root, which he supposes to be a third trigeminus root. 
and behind these the two roots of the octavus occur whieh he had 
already described before (1881): the Ramus anterior and ramus 
posterior acustici. Much more backward the vagus roots appear 
without ganglion. Dorsally from these he, however, finds a small 
sensory root with an oval ganglion, which he considers to be a 
sensory vagus root (p. 59). 

After G. Rerzius SANDERS ®) took up this subject. Since this work 
was not available for us, we can only quote from it what Horm 
has cited (1. e. infra). 

According to this author SANDERS found the V, VII, VIII and X 
nerves, but differs in so far from G. Rerzius that he considers some 
roots entering the brain behind the vagus of Rerzius still as vagus 
roots, whilst the latter mentions them as spino-occipital nerves. 

It is SANDERS’ merit to have first given a detailed description of 
the oblongata-nuclei, which he divides into two cellgroups of which 
one has an entirely central position near the dorsal raphe: “ganglia 
centralia’, and another near the perifery of the bulb: “ganglia latero- 


1) G. Rerzius. Das Gehörorgan d. Wirbeltiere Bd. I, Stockholm, 1881; Ueb. d. 
Hypophyse von Myxine Biolog. Untersuchg. Bd. Vi; Das Rückenmark von Myxine 
Biolog. Untersuchg. N. F. Bd. W. 1891; Das Gehirn und das Auge von Myxine 
Biolog. Untersuchg. N. F. Bd. V 1893. 

*) SANDERS. Researches on the nervous system of Myxine glutinosa. 1894, 
Williams and Norgate, London. 
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ventralia’, the latter of which extending (varying in size) from the 
entrance of the V to the X. 

In GerGENBAUR's Festschrift FüRBRINGER *) describes the spinal, occi- 
pito-spinal and vagal roots (p. 616 et seq.) and gives a drawing of the 
roots of the American Myxinoid : Bdellostoma (Text figure 1). Accord- 
ing to him the vagus leaves the brain with 1—4 rootlets (he 
draws 2) and possesses a prevailing motor character (p. 619). 

FüRBRINGER states that this also holds good for Myxine. He con- 
siders the glossopharyngeus — not mentioned by preceding authors — 
as represented by elements of the nervus pharyngeus X, although 
he states that a branchial sack innervated by the IX is failing in 
Myxinoids. In other words he grants the absence of an independent 
IX, but supposes that elements of it are included in the pharyngeus 
branch of the X. *) 

FURBRINGER emphasizes that the spino-occipital roots are shifted in 
a frontal direction in Myxine. This holds good as well for his 
first sensory spino-occipital root as for his second spino-oceipital 
root. The first in his opinion enters the brain on the level of 
the ramus acusticus posterior, the second near the level of the vagus 
roots. FURBRINGER points out that, in contrast to Myxine, in Petromyzon 
the spino-occipital roots are located on a fairly large distance behind 
the vagus roots. 

This difference between Myxine and Petromyzon, according to 
him, can be explained in two ways, either the first spino-occipital 
root of Myxine is lacking in Petromyzon, or the spino-occipital 
roots are shifted forward in Myxine. FürBRINGER believes that the 


1) FüRrBRINGER, Ueber die spino-occipitalen Nerven der Selachier und Holoce- 
phalen und ihre vergleichende Morphologie. lestschrift für GEGENBAUR Teil III 1897 
p. 849-766. 

We do not deal here with the paper of Ransom and p'Arcy THOMPSON (quoted 
by Fürprincer) because it contains very little on our subject. Compare: On the 
spinal and visceral nerves of Cyclostomata. Zoölogischer Anzeiger No. IX, 1886 
p. 421. 

*) We may add here that Miss WortHINGTON, to whom we owe such an excellent 
series of papers on the American Myxinoid Bdellostoma, considers this branch as 
a real IX (I. e. p. 172), “lying so close to the X that it is difficult to distinguish 
one from the other”. She also mentions that they have a common foramen and 
that (p. 173) “the glossopharyngeus runs in the same sheath with the vagus as 
far as the second branchial arch”. Consequently — as far as these points are 
concerning — the presence of a real glossopharyngeus is not very conspicuous either 
in Bdellostoma nor in Myxine — Since its periferal territory also is fairly well 
atrophied — (see the following pages) these arguments for the presence of a IX 
seem to be open to criticism, though in a very rudimentary way it may be 
present. 


5 
fist is true, and that consequently the first sensory spino-oecipital 
root of Myxine is lacking in the Lamprey. 

We may remark here that, in our opinion, FürBRINGER is mistaken 
when he considers the first root here mentioned as being a spino- 
occipital one. We are more inclined to believe that in Myxine the 
same relation is found as in Bdellostoma, for which Miss WoRrTHINGTON 
has pointed out that FÜRrBRINGER’s first spino-oce. root is the Acusticus 
b, i.e. a lateralis root. *) 

The topographical difference in the spino-occipital roots between 
Myxine and Petromyzon consequently is not so considerable as Fiir- 
BRINGER thought, since the spino-occipital roots of Myxine do not 
reach as far frontally as the acusticus. | 

Still there is a conspicuous frontal displacement of spino-occipital 
elements in Myxine, as appears from a comparison of Fig. 2 with 
Fig. 1. In our opinion the transitory region between oblongata 
and cervical cord is shifted in a frontal direction. 

The vago-spino-occipital region of the oblongata has approached 
the trigemino-facial region, the otic and postotic part of the bulb 
being reduced. This frontal shifting of the vago-spino-occipital region 
of the brain is accompanied by a frontal displacement of the spino- 
occipital nucleus and roots, but the vagusroots (see fig. 2) are not 
so much displaced as their nucleus and remain behind, perhaps 
on account of their lying on the ear capsula. 

In consequence the spino-occipital and vagus roots have consider- 
ably approached and the vagusroots appear crowded together on the 
level of the caudal extremity of the nucleus, instead of being divided 
fairly regularly over the level of the whole nucleus as is the case 
in Petromyzon. 

That the whole vago-spino-occipital region of the bulb has shifted 
frontally and not only the spino-occipital region, appears from the fact 
that the spino-occipital column does not overlap the vagal column 
in Myxine more than in Petromyzon. 

As already said, this process is accompanied, if not partly caused, 
by a reduction of the acoustic region of the brain. That the acoustico- 
lateral system in Myxinoids is not very much developed results also 
from the researches of Ayers and Worruineron *) (see further below). 
We shall now proceed to the description of the nuclear topography 
of the bulb and discuss at the same time the paper published by 


1) Compare: Quarterly Journal of Microscopical Science Vol. 49, 1906 p. 171 
and 175. 

2) Ayers and WorrHineTon: The finer anatomy of the brain of Bdellostoma 
dombeyi |. The acustico-lateral system. American Journal of Anatomy vol. VIII, 1908. 
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P. RÖTHIG (Berlin) and C. U. ARIËNS KAPPERS (Amsterdam). Further 
contributions to our knowledge of the brain of Myxine glutinosa. 


dorsal 


= 


iN N ened — 
caudal IK etal ©” x MAR Cis 


Nucl. X mot, 


Nucl. VII—V mot, Nucl. V mot, 
Fig 3. 
Myxine glutinosa Sagittal Section. Magn. 30 : 1. 


Fig. 4. 


Myxine glutinosa Magn. 20 : 1. 
Frontal Section through the frontal part of the motor V nucleus. 


Nucl. V vid, 
Fig. 5. 
Myxine glutinosa. Magn. 20 : 1. 
Frontal Section through the middle part of the mot. V-nucl. (caudally from Fig. 4). 


Proceedings Royal Acad. Amsterdam. Vol. XVII. 


ay ty Mas 


Pras. 


P. ROTHIG (Berlin) and C. U. ARIËNS KAPPERS (Amsterdam). Further 
contributions to our knowledge of the brain of Myxine glutinosa. 


Nucl. V-VI mot. Nucl. V-VIL mot. 
Fig. 6. 
Myxine glutinosa. Magn. 20 : 1. 
Frontal Section through the mot. V—VII-nucleus. 


Dorsal Spino-occipital rootfibres 


Nucl, Vil mot, 


Fig. 7. Fig. 8. 
Myxine glutinosa. Magn. 20: 1. Myxine glutinosa. Magn. 20: 1. 
Frontal Section through the mot. VII nucl., Frontal Section through the mot. X nucl. 


caudally from Fig. 6. 


Dorsal Spino-occipital rootfibres 


Nucl, X mot. — 


oa 
he 
De 


Nucl.Sp.0cc. — 


Nucl, Sp. Occ, 


Fig. 9. Fig. 10. 
Frontal Section through the Nucl. X mot. Myxine glutinosa. Magn 20:1. 


Magn. 20:1 (caudally from Fig. 8). Frontal Section through the spino 
occip. column. 
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Horm') on this subject in 1902, which is certainly the best de- 
scription as yet given of the motor nuclei in Myxine glutinosa. 

Horm points out that the motor column ef the spinal cord (comp. 
our Fig. 10) can be traced frontally in tbe bulb. 

Laterally from it lies the posterior extremity of what SANDERS has 
called the lateral or latero-ventral cell group (comp. our. Fig. 9). 

Horm divides this latero-central column of the bulb, which we 
shall eall the viscero-motor column, into two divisions, a frontal and 
a caudal one. 

He again divides the frontal division into two, the caudal one 
into three subdivisions. 

We can only follow him in so far as we also divide the viscero- 
motor column into two divisions (see Fig. 2 and Fig. 3) of which 
however only the frontal one is again divided into two subdivisions. 
The caudal viscero-motor division, in our opinion, is continuous (see 
Fig. 2 and 3 nucl. X mot.) and does not exhibit subdivisions. 

Apart from this column Horm mentions a group of cells located 
next the ventricle in the rostral part of the oblongata from which 
he thinks that a part of the motor trigeminus originates. Another 
part of the motor trigeminus should originate from a nucleus in the 
lateral part of the oblongata on the level of the acusticus ganglion. 

The nuclei of the trigeminus thus would be located at a fairly 
great distance from each other, one lying near the ventricle, the other 
near the perifery of the bulb. (Comp. his Fig. 20 on Plate 21: 
NeIm.N V and Ne ll m.N V). 

We do no agree with this deseription, nor with his statements 
concerning the motor facialis. 

Also the facialis according to Horm’s opinion — should have two 
nuclei (le. p. 389) and from his deseription it clearly appears that 
he considers our frontal motor V nucleus as a VII nucleus, for the 
axones of this nucleus as shown in his drawings — (Fig. 21 
Plate 21) constitute the most frontal root of the bulb. 

No doubt the two VII roots described by Houm (VIIa and V116) 
are V roots, since only this nerve leaves the bulb with two motor 
roots ®), whereas the motor VII root is single and very small. : Our 
opinion is confirmed by his deseription of the corresponding nuclei. 

The first Vil nucleus described by this author lies in the frontal 
part of the bulb near the perifery, and consists of large cells. His 


1) J. F. Hora. The finer Anatomy of the nervous system of Myxine glutinosa. 
Morpholog. Jahrbuch Bnd, 29, 1902. 

*) This separation of the motor V in two roots is only visible near the en- 
trance. Soon after it they unite. 
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second V nucleus according to his deseription is located in the caudal 
elongation of the first, is not completely separated from it and 
consists of smaller cells, which deseription is perfectly in accordance 
with the two V nuclei (see Fig. 3) of which the second, con- 
sisting of smaller cells and not completely separated from the frontal 
nucleus, gives also rise to the VII root. (Comp. also Fig. 4—7). 

Like Horm we were first inclined to consider the second (caudal) 
nucleus only as a VII nucleus, but a more scrutinous examination 
of the V fibres showed that in this nucleus also the second motor V 
root found its origin. 

Summarizing we state that the motor V nuclei mentioned by 
Horm are no motor V nuclei, and that of the two VII nuclei 
mentioned by this author the frontal one is a pure V nucleus, 
whilst the caudal more parvocellular one contains root cells of 
the V and VII. 

This union of motor V cells and VII cells is in perfect harmony 
with the condition found in Petromyzon (comp. Fig 1), where the 
motor VII cells also form the caudal continuation of the V nucleus 
and are a little smaller. 

Since we only wish to deal with the motor nuclei in this de- 
scription, we shall pass the acustico-lateral system, which for the 
American Myxinoid Bdellostoma dombeyi has been so minutely 
described by Ayers and WorrHINGTON *) and proceed to the motor 
X nucleus of Myxine. 

It is obvious that, without an examination of the periferal nervous 
system and its muscles, the question of the presence or absence of 
a motor glossopharyngeus cannot be settled. 

We can only state that our researches show a reduction of the 
number of root fibers of the motor X group, which in Myxine only 
consists of 3 of 4 rootlets, whereas in Petromyzon it contains 
together with the glossopharyngeus at least 5 rootlets. 

This combined with the fact that the posterior visceromotor column 
has suffered a reduction in its frontal part is in harmony with the 
opinion defended by Jounston *) that the glossopharyngeus and perhaps 
even the first motor X root sensu strictiori are either very much 
reduced or absent. A comparison of Fig. fa and 2a shows that this 
reduction is only probable for the frontal pole of the column, 


1) Ayers and WortHINGToN: They finer anatomy of the brain of Bdellostoma 
dombeyi. I. The acustico-lateral system. American Journal of Anatomy Vol. VIII, 
1908. 

*) Jounsron: Note on the presence or absence of the glossopharyngeal nerve 
in Myxinoids. Anatomical Record Vol. Il, 1908, 
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Showing the reduction in the frontal part of the vagal column. 


since the overlapping of the caudal part of the vagal column and 
spino-occipital column, as well as the topography of the posterior 
extremity of the vagal column to the spino-occipital roots, are the 
same in both Petromyzon and Myxine. 

The reduction of the roots and of the frontal part of the vagal 
column in Myxine is also in harmony with Srockarb’s observation 
that in Myxinoids, at least in its American form Bdellostoma, the 
branchial sacks behind the hyomandibular arch are atrophied. 9) 

The vagal column begins fairly near the posterior extremity of 
the mixed V—VII nucleus, lying in a somewhat more dorsal position 
(Comp. Fig. 3, 7 and 8). A few scattered cells lie between them, thus 
constituting a sort of broken link. 

The size of the vaguscells is considerably smaller than that of 
the frontal V nucleus, more like the cells of the mixed V—VII 
nucleus, specially the smaller caudal cells of the latter. 

In its frontal part the vagus nucleus is rather small and the cells 
do not attain their largest size here. The nucleus as well as the 
cells attain their maximum development in the middle part. We 
have not been able however, to state a division of the nucleus in 
three parts as Horm did. 


1) SrockARD: The development of the Mouth and Gills in Bdellostoma Stouti. 
American Journal of Anatomy Vol. V 1906, specially p. 511 and fig. 33—36. 
Compare also for further knowledge of these animals : 

Ayers. Bdellostoma dombeyi. Woodshole lectures for 1893. 

WorTHINGTON. Contribution to our knowledge of the Myxinoids. American 
Naturalist Vol, 39, 1905. 
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On the other hand we agree with Horm that the small ventro- 
lateral root that leaves the bulb in the posterior part of the vagal 
region and is considered by SaNpers to be a vagalroot, is certainly 
a spino-occipital one (Cf. Horm p. 395), as much on account of its 
position as on account of its central connection. 

That the spino-occipital column extends for a short distance in 
the vagal region is a general feature in vertebrates and has been 
shown before to occur also in Myxine by Epinegr’*) (l.c. p. 28). 

We also agree with Horm that tbe dorsal sensory root entering on 
this level is a sensory spino-occipital or spinal root and not a sensory 
Vagusroot, as results from the facts 1. that the size of its fibres 
corresponds with those of the sensory spinal rootfibres, 2. that the 
line of entrance and the ascending character of the fibres during 
their intramedullary course are the same as in the spinal sensory 
roots and 3. because they are joined by the latter during this 
course. 

Finally we wish to call attention to the fact that not only the 
topography of the nuclei, but also the general morphology of this 
brain shows the compression which the brain has suffered. 

Similar to the other ventricles of the brain the 4 ventricle is 
reduced to a minimum. This is complicated by the peculiarity that 
the caudal end of the midbrain (a cerebellum does not occur in this 
animal) protrudes a considerable distance between the dorsolateral 
walls of the oblongata and is so closely adjacent to it that only the 
pial membrane can follow it. Behind the caudal extremity of the 
midbrain the dorsolateral walls of the oblongata unite. 

One cannot speak here of a real calamus scriptorius caused by a 
widening of the ventricie itself. The lateral deviation of the walls 
takes place only under the influence of the midbrain, but the 4 
ventricle itself remains a small split underneath it. The dotted arrow 
in figure 2 indicates the place of this pseudo-calamus. Since in this 
animal, with atrophic eyes, there is no question of an enlargement 
of the midbrain being the cause of this telescoping, the only reason 
of it can be found in the compression of the whole brain in its 
longitudinal axis, which is also exhibited by the approach of the 
vago-occipital part of the oblongata to the trigemino-facial part. 

This longitudinal compression probably finds its chief reason in 
the pressure exercised on the frontal part of the brain by the 
olfactory pit and dorsal lip, the influence of which on the form 


1) Epincer: Das Gehirn von Myxine glutinosa. Abhandlungen der Preussischen 
Akademie der Wiss. 1906. 


LL 


of the brain in Cyclostomes is already mentioned by Scorr') in 
Petromyzon. | 

As stated above, the telescoping is the more obvious in the 
oblongata on account of the reduction in the acustico-lateral system 
of the bulb. ; 

Everything indeed shows that in Myxine we have to do with 
considerable secondary modifications. 

Also the topography of the motor nuclei is by no means a primi- 
tive one. 

The primitive location of the V, VII, and X nuclei in Cyclostomes 
is near the ventricular ependyma where the matrix of the nerve 
cells is, and where they are still found in Petromyzon. In Myxine, 
however, the V—VII nucleus has a ventro-lateral periferal position 
and the X nucleus a lateral periferal position, a condition that can 
only be caused by secondary influences originating in the functional 
reflectory relations of this animal. 

The influence which bas caused this secondary position is certainly 
the considerable development of the descending sensory V, which 
has a dominating influence on the structures of the oblongata, an 
influence which is the more prevailing since the other sensory and 
reflectory paths are either atrophied or poorly developed in this 
animal. We know that in animals with a well-developed dorsal 
viscero-sensory nucleus the motor vagal column generally has a 
dorsal position, adjacent to its sensory grey (Selachians), which is 
still the case even in Petromyzon. 

On account of these facts we cannot agree with Horm in his 
statement that Myxine has a more primitive character than Petro- 
myzon. 

Summarizing our results we conclude : 

In Myxine the eye-musele nuclei are absent. 

The motor V nucleus is incompletely divided into two parts corve- 
sponding to the central division of the motor root into two parts. 

In the continuation of the caudal V nucleus also the motor VII 
cells are found, as is also the case in Petromyzon. These nuclei have 
a ventrolateral position very near the concomitating grey substance 
of the sensory root. A central V nucleus (Horm) has not been found. 

The posterior viscero-motor column, and also the spino-occipital 
motor column has shifted considerably frontally. By the adjacency 
of the earcapsule this shifting could only be partly followed, by 
the motor X roots, which are crowded together on the earcapsula. 


1) Scorr. The embryology of Petromyzon. Journal of Morphology Vol. 1, 1887 


The spino-oceipital roots have, however, followed the shifting of their 
nucleus and have come very near the vagus roots. 

The posterior viscero-motor column is considerably shortened at 
its frontal extremity, which most probably results from the 
absence or extreme reduction of the motor IX, and perhaps even 
of the frontal motor X root (Jownstoy) in connection with the absence 
or reduction of the two posthyomandibular branchial sacks (STockKARD). 


Physics. — “Further experiments with liquid helium. J. The imitation 
of an Ampire molecular current or of a permanent magnet by 
means of a supra-conductor.” Communication N°. 1046 from the 
Physical Laboratory at Leiden. By Prof. H. KAMERLINGH ONNES. 

(Communicated in the meeting of April 24, 1914). 


§ 1. Introduction. If a current is generated in a closed supracon- 
ductor, from which no other work is required than what is necessary 
to overcome the possible remaining micro-residual resistance of the 
conductor, it follows, from the small value that the micro-residual 
resistance can have at the most, that the current will continue 
for a considerable time after the electromotive force that set it in 
motion has ceased to work. The time of relaxation t in which 
the current decreases to eit of its value is given by the ratio 
— of the self-induction Z and the resistance r of the circuit. When 
i 
r approaches zero, this period may rise to very high values. Whereas 
the time of relaxation is extremely small in ordinary cases (for the 
coil with which we are about to deal for instanee, of the order of 
a hundredthousandth of a second) when the resistance in the supra- 
conducting condition becomes say 1,000,000 or even 1,000,000,000 
times smaller it may increase so much, that the disappearance of 
the current can be observed ; it may even take place extremely slowly. 

From the moment that I had found in mercury a supra-conductor 
at the lower temperatures which can be obtained with liquid helium, 
I was desirous to demonstrate the persistence of a current in a con- 
duetor of this kind, and amongst other things to take advantage of 
it in the further investigation of the microresidual resistance of the 
supra-conductor *). But it was only after the previous study of various 


1) For the sake of brevity we use the word resistance here in the sense of 
quotient of potential difference and current strength. In supra-conductors (see 
Comm. No. 133) we can at present only speak of current and potential difference ; 
whether the relation between these two can be expressed by means of the concep- 
tion of specific resistance, has still to be investigated. (Comp. note 1 § 3). 
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problems, which were also of value for the knowledge of the con- 
ditions which had to be considered, that I arrived at the simple 
experiment which I am now able to deseribe, and which confirms 
what I have adduced in a convincing way. 

For this experiment a conductor was available whose constants, 
in so far as they were needed in designing the experiment, were 
known: I refer to the coil of lead wire Piss which has several 
times been mentioned in previous papers. A thousand turns of lead 
wire of 7/,, sq. mm. in section are wound on a small brass tube 
of 8 mm. in diameter in a layer 1.1 em. thick and 1.1 em. long. 
At the ordinary temperature the coil has a resistance of 734 2 and 
as the inductance is 19 milli-henries, the relaxation time may be put 
at about 1 : 70000 of a second. The micro-residual resistance at 1°.8 K. 
had been found to be more than 2 x 10° times smaller than the 
resistance at the ordinary temperature; the relaxation time therefore 
must be at least of the order of a day. The limit to which the current 
may be raised before ordinary resistance is suddenly generated, had 
also been determined; at 1°.8 K. this limit was 0.8 amp; it is clear 
that a lower current than that is sufficient to make the coil into a 
powerful littie magnet. Finally the threshold value of the magnetic 
field, below which no resistance is produced in the coil was known : 
at 1°.8 K. it had been found to be about 1000 gauss. It was ascer- 
tained (ef. § 3), that it was unnecessary to use a field of that strength 
to be able to make the experiment by means of generating a current 
by induction in the conductor. The conductor after having been tested 
as to its superconductivity had to be closed in itself in a supercon- 
ductive way. This was effected by fusing the ends of the lead wire 
together: in previous experiments it had been found, that this treat- 
ment did not lead to the production of ordinary resistance. In view 
of all the data I could be assured, that all the conditions necessary 
for the success of the experiment were fulfilled. 


§ 2. Arrangement of the experiment. The coil was fitted up in 
the same cryostat which had served for the previous experiments 
with the plane of the windings vertical in such a manner, that it 
could be raised and lowered, as well as turned round a vertical 
axis. Fig. 1 shows the arrangement diagrammatically. 

As the coil was closed the current in it was generated by induction. 
A large Werss-electromagnet, at hand for the experiments of Comm. 
N°. 140d could be moved on casters towards the cryostat to a position 
in which the cryostat with the coil was in the interferrum. 

In order to obtain an unambiguous result it is advisable to be 
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able to test the magnetie condition of the coil while no other magnetic 
objeets are in the neighbourhood; it is also necessary to prevent the 
induction currents which are generated when the field is produced 
and when it disappears from partly or completely neutralising each 
other (cf. § 4). 

It can therefore be easily seen that the follow- 
ing procedure is advisable: the field is put on, 
while the coil is in the cryostat at the centre of 


e the interferrum, everything being prepared for 
siphoning the liquid helium into the eryostat. 
The current generated at the production of the 
field is then immediately dissipated by the ordinary 


resistance of the coil before the helium is poured 
over. Care is taken to keep the field below the 
threshold-value of the production of ordinary 
resistance, which holds for the temperature at 
which the experiment is going to be made. The 


coil is then cooled by letting in liquid helium, 


the field remaining unchanged. In this manner a 
supra-conducting coil is obtained, closed in itself 
- without a current placed in the magnetic field. 


If the field is now put off and the apparatus 


which have produced it are removed, a current 
will remain in the coil which is smaller than or 
in the limit equal to the threshold-value corre- 
sponding to the temperature of the coil. The presence of this current 
can be established by its magnetic action outside the cryostat. 

In order to obtain a strong current it is advisable to cool the 
coil as far down as possible, as thereby the threshold-value of the field 
to’ be used for the induction and the threshold-value of the current 
are both made as high as possible. For that reason the first experiment 
was made at a temperature of 1°.8 K, the lowest temperature which 
can be reached comparatively easily and maintained for a long time. 


§ 3. Caleulation of the experiment. Assuming that the field 

diminishes proportionally to the time ¢ from //, to O and calling J/ 
dM 

the magnetic potential of the coil in the field Er IL be constant 

during the period of the disappearance of the field and the equation *) 


a, at 
all sane 


1) Here is supposed that r is independent of 7 below the threshold value <p of 4. 
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with z= 0 at the beginning gives 


1 dM — 
zede, (1 oY, 
r at 


Je é 
and for small values of 5 and 4, as long as J/ has not reached 


t by, 


zero, with sufficient approximation 


1 dM 
== — 
JB dt 
so that, if M reaches O while ¢ is still small, 
M, 
Z SS 
L 


will be the final value of the current. 

In our experiment the constants were H, —400, M,=1,26 x10°, 
LE=10', so that 2 could rise to 0,126 C.G.S. or 1.26") Amps. 
The current can therefore reach the threshold-value 0.8 Amp. even 
with a field of rather more than half the strength assumed in the 
calculation (cf. one of the experiments in § 4). From “the moment 

4 


at which this value is reached ordinary resistance appears and 


4 


will be no longer small; the further increase of 7 above the threshold 
value zp follows a different law from below zp. 

For an accurate calculation of the process above 7p, it would 
be necessary to take into account the complicated law of increase 
of the resistance with the current beyond zp. For our purpose it 
is sufficiently accurate to assume, that when 7p is exceeded by a 
small amount, the resistance becomes suddenly 7 of the order of 
magnitude above the vanishing point. 


dM ne 3 
In that case, 7 remaining the same as before, the current will 
C 
y . 3 l dM a . 
be able to rise by a small amount ¢— ip pore? which will soon 
en jd 


di 
be reached, will then become constant and, on J/ and sae becoming 
at 


zero, disappear again in a short time. In view of the value of M 
and 7’ we may, if M/ does not change very rapidly, disregard #— tp, 
unless we intend an explanation of all the details of the experiment. 

We therefore come to the conclusion, that, J/, being sufficiently 


') The more accurate data given here differ somewhat from those in the Dutch 
text. 
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large, the current (Fig. 2) on M diminishing to O will reach the 
threshold-value, belonging to the temperature of the experiment, and 


mo 


ip 


Fig 2. Fig. 3. 


after the induction being completed will continue, while only after 
a long time f# according to the relation 
d 


ef 
I= De L 


in accordance with the large value of the time of vélos 
a 
an appreciable diminution of # will be observed. 

The ease, that the initial value of J/ is above the threshold-value 
of the production of resistance Mp, is represented in Fig. 3, which 
after the foregoing needs no special elucidation. The result is ap- 
parently again dependent on the threshold-value of the current (see 
also one of the experiments in $ 4). 

As appears from the values given above an initial field much 
smaller than J/,) was sufficient in our experiment. 

According to the above calculation it was to be expected, that 
the examination. of the magnetic action of the coil could be per- 
formed with a simple compass-needle brought near the cryostat. 


§ 4. Details of the observations. The result proved the correctness 
of the discussion contained in the previous sections. The field was 
taken at 400 gauss. In 10 seconds it was reduced to 200 gauss 
and immediately afterwards the electromagnet was rolled away in 
5 seconds. The compass-needle which was then placed beside the 
cryostat to the East of it on a level with the coil and at a distance 
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from it of 8 ems pointed almost at right angles*) to the meridian. 
When the action on the magnet was compensated by means of a 
second coil placed on the other side (West) of it of about the same 
dimensions as the experimental coil and of 800 turns, it was found 
that the coil was carrying a current of about 0.5 to 0.6 amp. ®). 
This was further confirmed by turning the coil and by moving the 
compass-needle to various positions about the eryostat *). During an 
hour the current was observed not to decrease perceptibly (as far 
as could be judged by the deviation of the needle with an accuracy 
of 10°/,). During the last half hour the coil was no longer at 
1°.8 K. but at 4°.25 K. the temperature of helium boiling under normal 
atmospheric pressure. Undoubtedly even at this temperature the 
observation might bave been continued much longer without much 
diminution of the current. A coil cooled in liquid helium and provided 
with current at Leiden, might, if kept immersed in liquid helium, 
be conveyed to a considerable distance and there be used to demon- 
strate the permanent magnetic action of a supra-conductor carrying a 
current. I should have liked to show the phenomenon in this meeting 
(Kon. Acad. Amsterdam), in the same way as I brought liquid 
hydrogen here in 1906, but the appliances at my disposal do not 
yet allow the transportation of liquid helium. 

Whereas the experiment, so far as described, shows, that a current 
when started in a supra-conducting wire continues to flow, the 
process is immediately stopped as soon as ordinary resistance is 
generated in the circuit. When the coil is lifted out of the helium, 
the current is instantaneously destroyed. The temperature of the 
coil is thereby very quickly raised above the vanishing point of 
lead (6° K) and the very long relaxation-time is replaced by a very 
short one. Reimmersion of the coil, if not too soon after the lifting 
out, does not again produce magnetic action, 

If the experiment is made with the windings of the coil parallel 
to the field, no effect*) is to be expected. This expectation was in so 
far confirmed as only a slight effect was observed : this effect cau 


1) The field of the earth being distorted by machinery the action of the latter 
‘vas compensated by magnets and there resulted a weaker field (note added in 
the translation.) 

*) [Calculated from the moment, comp. N°. 140d § 8, end. Added in the trans: 
lation}. The coil has a magnelic moment of about 180 C.G.S. and behaves as if the 
lead possessed remanent magnetisation of some 200 C.G.S. units. 

3) On repeating the experiment at 4°.25 K. nearly 0.5 amp. was obtained; a 
later experiment with larger initial field at 2°.3 K. gave 0.7 amp. (see further down). 

*) Nearer consideration points to a small effect Comp. N°. 140c (Note added in 
the translation). 

2 

Proceedings Royal Acad. Amsterdam. Vol. X VIL. 


18 


be sufficiently explained by assuming that the attempt to place the 
windings exactly parallel to the field had not sueceeded. *) 

If the initial value of the field is higher than the threshold-value, 
Mp the result is the same. This case is represented in fig. 3. In 
one experiment the initial field was 5000 gauss and the observed 
magnetic moment corresponded to a current 7= 0.7 amp. 

If the field through the supraconducting coil is first put on and 
subsequently put off again by bringing the excited electromagnet 
to its position at the cryostat and then removing it, according to 
the above reasoning (disregarding the exceedingly slow diminution 
with the time) no resultant current ought to remain, if no account 
had to be taken of the threshold-value of the current. Indeed for 


Ea he ey 


the second period the relation ~—7,e " = ae holds, if £ is 
the current obtained in the 
first period during the gene- 
ration of J/,. This case will 
be realized, if care is taken, 
that the threshold-value of 
the current is not exceeded. 
It is represented in fig. 4 
by the lines which give the 


field J/, and the current 
7, as functions of the time. 
If during the increase of 
M the threshold-current is 
reached, the current will not 
grow appreciably on further 
rise of J/; from the moment, 
that the increase of J/ stops, the current assumes the threshold-value 


Fig. 4. 


and stays there, until J/7 begins to decrease: it then begins to fall 
and becomes zero, before the field has disappeared ; on the further 
diminution of the field, the current assumes the opposite sign and 
the resultant current will be that which has been formed at the 
moment that J/— 0, if it remains below the threshold-value, or the 
threshold-current itself, if that is reached before J/ has disappeared. 
In the latter case the current will exceed the threshold-value by 

') This experiment had been made some “ays before the main experiment, although 
it had not been the intention to make it with that position of the coil. So far it 
has not been repeated. At the moment of making this first communication it had 
not been repeated. [lt has been repeated since; again a rest was found. (Note 
added in the translation. Comp. Comm, N°. 140c)]. 
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& very small amount from the moment, that the threshold-value is 
reached, until 1/ = 0. In fig. 4 this case is represented by the lines 
which give the relation between the field J/, and the current a. 

An instance of the case represented by a is given by an experi- 
ment, in which the field brought to the cryostat was 400 gauss. A 
strong resultant current was observed as in the case, when the coil 
was first free of current in the field of 400, was then made supra- 
conductive and was finally charged with current by the removal of 
the field. An instancé approximately corresponding to case b was 
obtained, when the same experiment as « was carried out with a field of 
190 gauss. Even in this case the compensation was not quite complete 
and a little more favourable, when the field was made to approach 
slowly, than with a rapid appreach. 

With a rising field account has to be taken also of the compli- 
cation arising out of the influence of the field of the current itself on 
the threshold-values of the field and current. In fact this was not the 
only feature in the experiments which could not be fully explained 
yet: naturally as they were performed for the first time, the arrange- 
ments were still imperfect *). Taken together however they may be 
said to confirm the main experiment which shows that it is possible 
in a conductor without electromotive force or leads from outside *) 
to maintain a current permanently and thus approximately to imitate 
a permanent magnet or better a molecular current as imagined by 
AMPERE. 

The electrons once set in motion in the conductor continue their 
course practically undisturbed, the electrokinetic energy, represented 
by Maxwerr, by the mechanism of the rotating masses coupled to 
the current, retains its value, the rotating fly-wheels go on with 
their velocities unchanged, as long as no other than supraconductors 
come into play: the application of a small ordinary resistance 
however stops the mechanism instantaneously. Although the experi- 
ment mainly confirmed my deductions as to what had to be expected, 


1) One of the first questions still to be answered is, what part a possible magnetisation 
of lead or brass may have played in the phenomena: so far no proof has been 
given, that this may be neglected. However, even now from the experiment, in 
which the windings were parallel to the lines of force, we may draw the conclusion, 
in view of the small amount of the action in that case, that the magnetisation 
of the material of the coil can only play a very subordinate part compared to the 
electromagnetism of the current, to which I have above ascribed the deviation of 
the compass-needle. 

2) It may be mentioned here, that it will be possible, by a change of tempera- 
ture of a small part of the conductor, to insert a resistance in the circuit which 
can be very delicately regulated without touching it. 
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a deep impression is made by the very striking realisation which 
it gives of the mechanism imagined by Maxwrrr completed by the 
conception of electrons. 

It is obvious that the subject will lead to further discussions *) 
and plans, but in this paper | may be allowed to confine myself to 
the simple description of the experiment carried out. 


Physics. — “The chemical constant and the application of the 
quantum-theory by the method of the natural vibrations to the 
equation of state of an ideal monatomic gas.’ By Dr. W. 
H. Krrsom. Supplement N°. 364 to the Communications from 
the Physical Laboratory at Leiden. (Communicated by Prof. 
H. KAMERLINGH ONNKES). 


(Communicated in the meeting of March 28, 1914). 


§ 1. In Suppl. N°. 33 (Dec. 1913) the expression for the entropy, 
S, of a gas was discussed, as it follows from the application of the 
quantum-theory to the molecular translatory motion by the method 
of the natural vibrations. Molecalar rotations and intramolecular 
motions were not taken into account there. As was observed, the 
chemical constant is connected with the additive constant which 
occurs in the development of S for high temperatures. The object 
of this paper is to show that the value of the chemical constant, 
which in that manner is deduced from the expression for the entropy 
(an expression which had already been given by Trrropw), is in 
satisfactory agreement with values of this constant which correspond 
to the experimental data concerning vapour pressures of monatomic 
gases, 


§ 2. We shall confine ourselves in this paper to the consideration 
of monatomic gases. If for the energy distribution one of the tems 
perature functions is assumed which occur in the quantum-theory, 
one may suppose that the molecular rotatory motion, particularly 
for the molecules of a monatomic gas, is in thermal equilibrium 
say with the translatory motion. If in particular that temperature 
function (given by PLANcK) is assumed which implies a zero point 
energy, the molecular rotations in a monatomic gas also, at the 
temperatures at which they have been investigated, represent a con- 
siderable amount of energy in proportion to the molecular trans- 


1) Compare also MAxwe tt, Electricity and Magnetism II, Ch. VI. 


latory motions. The characteristic temperatures (@,, ef. Suppl. N°. 32a), 
which according to that hypothesis govern the rotatory energy, are, 
however, owing to the small moment of inertia of the monatomic 
molecules, so high, that at the temperatures mentioned the energy 
of rotation of the molecules does not yet deviate appreciably from 
the corresponding zero point energy. The same applies to the motions 
within the atom. The contributions to the entropy due to these 
rotations of and motions within the atom may then be counted as 
zero. We limit ourselves to the temperature range within which this 
is the case‘). 

We shall further assume that we are dealing with an ideal 
monatomic gas, so that terms due to the influence of the real 
volume or of the mutual attraction of the molecules need not to be 
considered. 

The entropy of such a gas is then, on the basis of the hypotheses 
of Suppl. N°. 30a, determined by the expressions given in Suppl. 
N°. 33 § 2a. 


§ 8. In the first place, as was already observed in Suppl. N°. 33 
§ 2a8, the introduction of the zero point energy makes no change 
in the value which is found for the chemical constant. Hence a 
comparison of the value calculated for this constant, e.g. with the 
value which was found by Sackur to agree with experimental data, 
cannot furnish a test between PLanck’s formula with or without 
zero point energy *). 


§ 4. If the development of S for high temperatures: equation (14) 
Suppl. N°. 33, is written in the form 


S=C,+ Nkinv + °/, Nh In T + (1) 
+ terms of smaller order of magnitude 
then 
3 
omt + a ln aM). en aS ae 


1) According to measurements by Pier of the specific heat of argon, this tem- 
perature range extends for this gas to at least 2300° C. As Prof. Einstein pointed 
out in a discussion, the investigation at high temperatures of the specific heat of 
a monatomic gas with high atomic weight, such as mercury, would be of great 
interest. 

*) Prof. SOMMERFELD asks me to say, that he wishes the sentence: “Nebenbei 
sei bemerkt etc. on p. 139 of: Vorträge über die kinetische Theorie der Materie 
und der Elektrizitat,” Leipzig und Berlin 1913, to be omitted, 


22 


From equation (13) of Suppl. N°. 38 with equation (182) of Suppl. 


N° 30a it follows that 
3. k* (Aw Vis 8 
Den Oey Wy EER EAD ONE A 
ENH LON 6) 


From these formulae follows for the entropy constant 


3 (3M \% 
anje oel 
With the values V == 6.85.10* (according to Prrrin), £=1.21.10 7°, 
== 4.86.10 which were accepted in Suppl. N°. 30a, equation 
(4) with Ni = Lf passes into 
C‚=R in Ms 7.43 | ER da ed on ae 


I we: dake. Mia aw’s 7) values. YVi=6.06 710"; f= 458 dOr 
/ 
: — 4.83.10 , we find 
sel | 
ode af — 1285) one Alies AAN 
2 
For the chemical constant Cyr, which is derived from C, by 


means of the relation ”) 
Cs — 2.5R + Rin Nk 


ÓNE = —— EE 
/ ‘ Rin 10 
we find 
A 3 7 2 
Can == ap log M + 3.60 PE em en MOEN 
and » in ¢.g.s. units 
3 
CNES ra log M + He (66) 


respectively. 

These values differ from those which Sackur has compared with 
the vapour pressures of mercury and argon and which he found 
fairly well confirmed, only by 0.85 and 0.28 respectively. This 
agreement may be called very satisfactory considering the uncertainty 
whieh yet exists with regard to several of the quantities used in 
that comparison on the one hand, and the approximate character of 
some of the hypotheses on which the deduction of the expression 
for the entropy was founded on the other hand. 


1) R. A. Miukan, Physik. ZS. 14 (1913), p. 796. 
2, Gf. O. Sackur, Ann. d. Phys. (4) 40 (1913), p. 79, 


Soe BS 


§ 5. The relation (4) also follows from equation (19a) of the 
paper by SommereerD (p. 134), quoted in note 2 p. 21, if « occurring 


| 10 
there is put equal to 9° 2s has been supposed in the relations (3) 


‘and (4) given above, and if in SOMMERFELD's expression / is replaced 
by 3 A5). The latter change is connected with the fact, that in 
deriving the expressions given here the supposition was made that 
in considering the molecular translatory motion in an ideal monatomic 


i 


gas we have to deal with energy elements of a magnitude 5 hy, as > 
we tried to make probable in Suppl. N°, 80a $ 2. 

The fact that in § 4 a satisfactory agreement with experimental 
data was obtained, may, if the validity of the other hypotheses is 
admitted as sufficiently approximate, be regarded as a confirmation 


Ss) 


of the above supposition concerning the magnitude of the energ 
elements. 


Astronomy. — “On Sernicer’s hypothesis about the anomalies in 
the motion of the inner planets.” By J. Wo.tier Jr. (Com- 
municated by Prof. W. DE Sitter). 


‘(Communicated in the meeting of April 24, 1914). 


To explain the differences between observation and calculation in 
the secular perturbations of the elements of the four inner planets, 
SEELIGER *) worked out the hypothesis that these are caused by masses 
of matter, which by reflection of sunlight offer the aspect of the 
zodiacal light. He imagines these masses to have the form of a flat 
dise surrounding the sun and extending nearly in the direction of 
the orbital planes of the planets and reaching outside the orbit of 
the earth; the density of the matter within the dise has its greatest 
value in the proximity of the sun, though it is very small even there. 
For the calculation of the attraction of the mass of matter special 
hypotheses on its constitution are introduced; we imagine a number 
of very flattened ellipsoids of revolution with the sun at the centre, 
the inclinations of the equatorial planes to the orbital planes of the 
planets being small. It is evident that by the superposition of a number 
of such ellipsoids we get a flat disc within which the density varies 


1) This confirms at the same time the fact, that the introduction of the zero 
point energy does not produce a change in the value of the entropy constant. 

2) Das Zodiakallicht und die empirischen Glieder in der Bewegung der innern 
Planeten. Sitzungsberichte der Bayerischen Akademie, XXXVI 1906. 
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after a certain law from the centre outwards. SERLIGER arrived at 
the conclusion that two ellipsoids suffice, one of which is wholly 
contained within the orbit of Mercury, the other reaching outside 
the orbit of the earth. There appears to exist a certain liberty in 
choosing the values of the ellipticities and the quantities determining 
the position of the second ellipsoid. As quantities to be determined 
so as to account for the differences which are to be explained 
SEELIGER introduces the densities of both ellipsoids, the inclination 
and the longitude of the ascending node of the equatorial plane of the 
first ellipsoid with reference to the ecliptic, and a quantity not con- 
nected with the attraction of the masses of matter, but relating to 
the deviation of the system of coordinates used in astronomy from 
a so called “inertial system”. 

Last year Prof. pr SirrerR drew my attention to the necessity 
of testing Srviicer’s hypothesis by calculating the influence of the 
masses admitted by SEELIGER on the motion of the moon and the 
perturbation of the obliquity of the ecliptic, which SeELIGER did not 
consider '). I performed the calculations and arrived at the conclusion 
that the perturbation of the ecliptic changes the sign of NeEwcoms’s’) 
residual and makes its absolute value a little larger; further that 
the perturbations of the motion of the moon are insensible. I may 
be allowed to thank Prof. pr Sirrer for the introduction into this 
subject and the interest shown in its further development. — One could 
take the formulae required for the last mentioned purpose from 
SEELIGHR’S publication; I did not do so, but developed them anew. 
I give them here on account of small differences in derivation. First 
I shall give this derivation and the results; after that I shall do 
the same for the motion of the moon. 


I. Perturbations of the ecliptic. 

Let «,y,z be coordinates in a system the origin of which is at 
the centre of the ellipsoid, while the axis of rotation is the axis of 
z, k° the constant of attraction, g the density of the ellipsoid, a, a 
and c its axes, then the potential V at the point z, y,z is given 
by the expression : 


ai wty?’ z du 
Yes k'aga?e 1 — — ed 
attu  c+u/) (a? du)? tu 


4 


1) See DE Srrrer, the secular variations of the elements of the four inner 
planets, Observatory, July 1913. 
2) Astronomical Constants p. 110, 
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for a point outside the ellipsoid À is the positive root of the equation 


vty? 2? 


i Ed inte = 0; for a point inside A is zero. 
Putting V = k*aqa’c2 and 2° + y’ + 2 =? we have 
a _ 1 n° 2*(a*—c’) du 
ts = pu HOH) HE pu 
) 


r 2*(a?—c’) 


aA (HHA) 


Perturbations caused by the first ellipsoid. 


I develop in powers of 2? =6&, § being a small quantity ; for that 
purpose we need (neglecting terms of the third order): 


(=)=- af du 
0s (a? 4u) (c* Hu) 


& EA (a?—c’*)? 
0g? J, rr are’) , 


I put r=a,(1+ 6) and develop the part of £ independent ot 
5 besides the coefficients of the different powers of & in powers of §. 
Introducing the quantities : 


du du 
alte Hue +u a= f- (a enn zel + u)? 5 Ju)“: 


a,*—a? a,2—a? a,?—a? 


a 
a’?—a’t+e—p’* pee 


we get: 
4 We NE Eh 
BO, 0, —2070,6+ @—pare)= +(+ 
7 AB 3 3 p 
1 1 5 _v—e ris 
Het grea? AAB ne ta 3)8°+ 
2 Pp ap 
27 15 : 
+6 + Sy + SE + (—5— G7 ear ls + 
1 , (a@—e?)? 
oF ee : 4,,5 
a,"P 


Let v be the true anomaly of the planet, p the angular distance 
between the ascending node of the equatorial plane of the ellipsoid 
on the orbital plane of the planet and the perihelion of the orbit, 
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J the inclination of the equatorial plane to the orbital plane, then 
we have: 
. z= — a, (1 + 5) sin (w + Wp) sin J 
C= a,7(1 + §)? sin? (wv + Up) sin’ J. 

For the calculation of the secular portion of the perturbative 
function we thus need the secular portions of 57, 5” sin* (v + w) and 
sin wp + wp) for different values of p. I get (denoting the secular 
portion by the letter S) : 


2 


é 
hf Ps it le 
Sane 5 


€ OE 


3 
8 
gene 


3 1 
a(t BR eT 


Se = 


1 3 
S sin? (v + w) = ae G e oF 


=| 


SE sin? (v + yee 


tt 1 
aye RA a rete) geene 


3 1 
S §* sin? (v + ww) = e* eo a 2 ) 


3 1 
4 sin? zel — — — 2 
S8* sin? wv + py) =e (= 3 cos2 yw 


on 
S sin’ (v + yw) = = 


Substituting in the 2 coat for 2 we find: 


done Ea ae ep eb) ee ee 
Seay — ss a — a = me o/s) 7 E Ps A he 
1 a, wee ge af Pp 16 ea 


ae... 1 en nde 3 Se 
+ a sin® J} —> C,a,*p* + & rea tiie eis 


| NTR ORN 
+ cos 2 W Te eI mea mi Tal T 30 RE 


BOE nn ONE 13E ag 
= 5 COSaW v—-—— —¥ ek, 
64} TASTEN Te 
Let 7, © and 9 be the inclination, the longitude of the perihelion 
and the longitude of the ascending node of the orbital plane of the 
planet, /, and ® the inclination and the longitude of the node of 
the equatorial plane of the ellipsoid all with reference to a tixed 
fundamental plane, e.g. the ecliptic of a certain epoch ; then we have: 
sin J cos (W -— © + 94) = — cos J, sini -}- sin J, cos i cos (§ — P) 


sin J sin (yw — & + QM) = sin (84 — D) sin J. 


oe 
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0.7 AJ Oy Oy 
09, 01 09," di 
quantities required for the computation of the derivatives of 2 with 
regard to these elements. In view of the calculation of the perturbation 
of the obliquity of the ecliptic I do not use the elements # and ©, 
but the elements p and q thus defined : 


From these expressions we can determine he 


p=tanisin $% gq = tani cos §% 


I get: 
aS ge 5 TEL 4 } 
— = cosi | cos? — sin (Wp — @) + sin? — sin (W — @ + 20) | 
p 2 2 ( 
On 2 ies 2 
— = — COSÌ | cos” ~ cos (yw — w) — sin” — cos Www + 29)| 
0g 2 2 


Ow 2 i eet 
sin J Te sin J tan cost cos Meos Jeosi cos”cos(tp-w)tsin” 5 608 (w-0+2Q)) | 
Pp 2 2 a 


2 ’ . 
— cos“ sin(=@)-sin® sint 29%) | : 


D ; 
MOST sin cosJ cost 
5 co eae 


ME, 
sin J a =sinJ tan 


1 
‘The differential equations for p and q are’): 
dp 1 ov 
din, na,2V 1—etcos*i 0g 
dq — | OV 
dere na,2V 1—e*cos*i Op 


To verify these formulae I have used them for the computation 
of some of the perturbations of {and Q, which are given by 
SEELIGER *). 

To compute the perturbation of the obliquity of the ecliptic I take: 


Bite Dt ash dean, 
(a*—c’) C,a,°. 


V = — k’xqa’e 


9 
a 


According to SeRLIGER’S data a= 0.2400, c = 0.0239, J=6°57'.0; 
I get C,=0.426; taking as unit of mass the mass of the sun, as 
unit of time the mean solar day I get log g = 0.7119 — 5 and I 
find : 


!) TisseRAND, Traité de’ Mécanique Céleste I p. 171. 


di bee vr ze) 
A = +4 01.573; SNL a = — 0”.049 ; SEELIGER gives: 


2) For Mercury I get: 


aen + 0/.091: 
dt ed 


SEELIGER: + 0.159 and +0”.088; the small difference is owing to the value | 
get for Cy = 2.286, while from SEELIGER's data follows C; = 2.217. 


di 
107.574 and — 0”.049. For Venus I get: = —~ +0163; sini 
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ov Te OJ 0 
— = — ktaga?e (a®—c’) C, sin J cos J — = — [0.5986—8] — 
0 0 0 
where the number within brackets is a logarithm. 
Further: 
0 OJ 
— =—sn®; —=—cosh; D= 40°1'.8: 
Op Òg 
therefore 
OS 0S 
oe 108083 EI =O BS 
Op 0g 
therefore 
OR OR 
S= + [0.4069-—8]; —— + [0.48278]; 
Op dg 
from which follows, taking as unit of time the century: 
dp RS, dq 
— = +. 0".065 ; — = — 0.054. 
dt dt 


Perturbations caused by the second ellipsoid. 


Here the caleulation is much simpler. Introducing: 


du : a du : = du 
a =) =a ne Ey =| EE BL, =| 2 IE 3 
(a? Hu) Ve? Hu (au)? Ven (4? + u)? (c? + uj" 
0 0 0 


we find: 


3 ey ze 5 
SQ = £,— ak, - oy Be (a?—c?)a,°E, sin? J | a Bee el cos2y 


As a verification I have here also computed the perturbations of 
the inclination and longitude of the node for some of the other 
planets *). 

To compute the perturbation of the obliquity of the ecliptic I take: 


sin” J 
V = — agate (ae) Bat 
According to SEELIGER’s data a= 1.2235 and c= 0.2399; I get 
di en SN } 
‘) For Mercury I find: oA (DEP sam? ae = — 0”.013; SEELIGER gives: 
¢ 


hi d 
— 0/.057 and — 0.016. For Venus I find: 7 = -+ 07.007; 810% a = -+ 0.153; 


SEELIGER: + 0”.009 and —+0”.144; the results differ somewhat; however, cal- 


dS), 


culating according to SEELIGER’s formulae, for Venus I find: sind si + 0”.154. 
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B, = 2.445 ; log q = 0.8582—9 ; 


OV Ei 0S 
p= [034011]; = 74°22! (1900.0), J— 7015; 
therefore 
OJ 0S 
— — —[0.9836—1]; — = — [0.4305—1]; 
Op dg 
therefore 
ov OV 
— = +. [0.8237—7]; — = + [0.7706—8]; 
Op og 
from which, taking as unit of time the century, I get: 
dp dq 
== + 0".125 3» = = — 0" 447. 
dt a : dt 
Therefore the perturbation caused by both ellipsoids together is: 
d. d 
OO OT 
dt dt 


Let ¢ be the obliquity of the ecliptic for the time 4, «, the same 
for the time ¢,, ¢ and Q, inclination and longitude of the node of 
the ecliptic for ¢ with reference to the ecliptic for ¢,, then: 

COS E == cos i cos &, — sinisin &, cos Sb, 
from which, differentiating, we get: 
de . di en: 
— SNE — == — sinicos &, — — sin &, — (sin d cos Sb) 
dt dt dt 
therefore for t= t,: 


de dq 
ab Weds 
_ ds 
The perturbation of the obliquity of the ecliptic thus is a eae 0".501. 


The difference between observation and theory given by Newcoms 
is — 0".22 + 0.18 (probable error); this thus becomes + 0".28. The 
addition to the planetary precession a is given by: 

| da 1 dp. 


o— <=: — == 0".478, 
dt sin edt 2 


li. Perturbations of the motion of the moon. 


We shall now proceed to the formulae for the comprtitation of 
the perturbation of the motion of the moon. As the petturbative 
force in the motion of the moon we have to take the difference 
between the attractions of the ellipsoid on the moon and on the 
earth. Suppose a system of coordinates, the sun at the origin, the 
axis of z perpendicular to the eliptic; let w, y,2 be the coordinates 
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of the earth in this system, «+ § y+, 248 those of the moon, 
then the projections of the perturbative force on the three axes 
are given by the expressions: 


OV OV OV OV OV OV 
raa de enn 


The ratio of the distances sun-earth and earth-moon being very 
large, I develop in powers of &, 1, 5, neglecting second and higher 
powers. Then the expressions for the perturbative forces are: 
adr te ave | OV Dr Van 6-0? ie DA : Vor, 0?V 
Ox? 5 Dn a jnde” any i Oy” hi Oyo ef dede” + Sat gor Zi 
and one can introdace as the perturbative function the function 

aie Ee od NU rr NN 0 ONG dV 

R=} 5 a? ef dy? +9 De 251 janes $5 = EE ani: | . 


a 
S 


Here for x,y,z are to be substituted their expressions in elliptic 
elements and then the secular portion of A is to be taken. Since 
the powers and products of 5, 7,6, contain only the elements of the 
orbit of the moon, the coefficients on the contrary only the elements 
of the orbit of the earth we can take the secular portion of each 
separately and multiply these together. 

Besides the system just mentioned suppose another system 2’, 7, 2’, 
the sun also being at the origin, but the axis of 2’ perpendicular to 
the equatorial plane of the ellipsoid. Then we have 

. z= «sin DsinJ, — yeos sin J, 4 zco0s J, 
therefore 
Dz! dz' dz! 


gg in D sin Je; en = — cosBsinJ,; ie ee 


Perturbations caused by the first ellipsoid 


yv 
From the expression given for & = a — we deduce, neglect- 
p UGA C : 


ing the terms having sz? J as a factor: 


0 LQ AAN 5 a du Ag 

Op: abv 2 | (a°+u)? (c?+u)'l2 Ne (a? 4-4)" (c° B Ayla 
0? £2 4 U U 

Òzòy (a? H2)(e* +2)" 


0722 A wv z' A (at be du 
ES C as — s 
dede (a? +-a)?(c? + Aye 1 a*—c?) sin D sin Je Tu (Lah 


@ 


v2 4y? 
Oy? ve Je En aa Lule gs (a? +2)? (c? +a) 'b 


de Aye! 
yds (HIJ (+2) 


du 
pu (tue 


=~ (a?— C°) 4-2 (a? —c’) cos mf, 
la (a2 - 


oe 2 du 8 r du 
=-#fe >t ui)? (c? Luy'l2 eines J) (@ tu) (c° uy” 


Substituting the elements of the orbit of the earth for.a, y,z and 
neglecting the second and higher power of the excentricity I get: 


de 2 HE LE 
ken 2C, 4 Sesh == 
Ou? a,'p Oy? dady 


aa " Oy PEBE Sr A = 
= ~ sin Dan, — 2 (a°—c?) C, sin D sin J, 


— = — —— ) cos D sin J, + 2(a?—c?) C,cos D sin J, 


ET 2C, 2(a? —c*) We: 


~- 
~ 


Let © be the radius vector, v the true anomaly, © the longitude 
of the perigee, §% the longitude of the node, 7 the inclination of the 
orbit of the moon, then we have 

§ = 9 [cos (v + W— M) cos 5), — sin (vt O— QQ) sin SV cos i] 

rj = [cos (v-+ wW—§) sin SU + ai. SV) cos NM cos 7 

S= osin(v+o—y)sini. 

I write these expressions thus: 
§=0 (Acosv + B sin v) 
4 = 0 (Ccosv + D sin v) 
S—o(Leosv 4+ Fsinv), 
A, B, C, D, LE, F being expressions not containing the true anomaly. 

For the formation of the required products we need the secular 
portion of g° cos? v and g° sin? v; I get: 

Sp cos? v—a',* (4 + 2e°) Sy? sin? v= ta’? (l1—e’? 
being the semi-major axis of the lunar orbit. 

Thus we get expressions as: 
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Neglecting terms like e? sin’ Dr e° sin — we get: 
_ 
= r 
tk L nti Aal ae 55 
—— — = sn 1(1—eos2- e?| — + — cos 2 

dre & 4 4 
RAND nn 

== si isin2 §% + — e* sin 20 
a 4 

+ re € 

=e = is sind sin §), + e° sin — 1 = gin (20—§))— id sin \? 
a Deen 9 ; a she = 9 9 x Ye 92 : £0 

1 -_ ad -_ 

n l 1 nti(l 400820) Le 3.3) io ae 
eN LL = CO8 S Ee | — —— COs 4H 
eae ied ic 4 4 

15 las : RR 5 8 3 
—— —— sind cos {} + e° sin — { — —cos (2H —Q)) + — cos Q 
ey: : 2 2 2 

1 } 
engl eee 
ETE == — SUN "ee 
a 2 


Substituting in #& these expressions we get: 


taupe Of bee eyes, Me ae A Bey l 
ze —_| -2(,a,’+—+ 3e? | —-C,a,? }+4sin* —| -—=C,(a*-c*)a,? 
Jan Aa - p Pp 2 2 Pp 


ET dn ete at : Kier 1 
+ 2(a?-—c?) sin J sin i cos (Ì,— P) Ga! ; 


P 


The only perturbations to be considered are those of the longitude 
of the perigee and of the node. 
The differential equations required are: 
IO 10 d yi, 1° OR 


e =e S-: sin 1 SSS, 
dt na,'* de dt na, * di 


One easily perceives that the last term in the expression for R 
gives no sensible perturbation on account of the factor a*—c’, the 


6 N 
value of whieh is about aa and of the fact that §} has a period 


of 18'/, years so that the coefficient we get by integration is about 
thirty times as small as would have been the case if $} had been 
absent. In the same way I omit the terni C,(a°—c’)a’, in the coeffi- 


Rust on 
cient of sim’ z and thus we have the following expression for P : 


B ATEN de 
— 8e? | ——C,a,* | — —sin? — |. 
kaga?e 2 a," p p 2 


l 
I get C, = 0.678; — = 1.030 from which follows taking as unit 
P 
of time the century : 


Perturbations caused by the second ellipsoid. 


I find: 
ee ten 
Oi edu “ddy 
ol = — 2 (a*—e?) E,sin ® sin J; er == 2(a?—c*) E, cos D sinJ : 
Owdz j Aan Odier A uA 
072 
eaten 2E, —2(a— oc’) U, 


from which follows: 
R Ne 


2 a? | 


) Bie. 7 21,9 eb 7 ne 12 2 EA 2 
Baa 2Ea, 3h ,a,*e? —E,(a?—c?)a,? sin® 1 
Jt 


+ 2(a’—c’) a,” E,sin J sin 1 cos (4, — D)|. 
Although the term a’—c’ is not small, yet it is allowed to omit 
the periodic term. 
I get H, = 0.684, MW, = 2.445 from which follows taking as unit 
of time the century : 
da Rah, di 
—== — 0".16 ; — == — 0" 28. 
dt 


Thus both ellipsoids together give : 


both insensible amounts. 


Astronomy. — “femarks on Mr. Wo.rtinr’s paper concerning 
SEELIGER’s hypothesis.” By Prof. W. pe Srvrmr. 


(Communicated in the meeting of April 24, 1914). 


SEELIGER’S explanation of Nwwcoms’s anomalies in the secular 
motions of the four inner planets consists of three parts, viz : 

a. The attraction of an ellipsoid entirely within the orbit of Mercury 
The light reflected by this ellipsoid is, on account of the neighbour- 
hood of the sun, invisible to us. 

b. The attraction of an ellipsoid which ineloses the earth’s orbit. 
The light reflected by this ellipsoid appears to us as the zodiacal light. 

c. A rotation of the empirical system of co-ordinates with reference 

3 

Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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to the ‘“Inertialsystem”. This rotation is equivalent with a correction 
to the constant of precession. The value of this constant which is 
implied in Newcoms’s anomalies is that used in his first fundamental 
catalogue (Astr. Papers Vol 1). In “The Observatory” for July 1913 
I have shown that this constant requires a correction of — 1.24 
(per century). Consequently, of SEELIGER’s rotation r only the part 
7, =7r—i1".24 can be considered as a real rotation. 

The position of the equatorial plane of the ellipsoid a was deter- 
mined by SEELIGER from the equations of condition: he found it not 
much different frem the sun’s equator. For the ellipsoid 6 the sun’s 
equator was adopted as the equatorial plane. 

It is important to consider the part which is contributed by each 
of the three hypotheses towards the explanation of the anomalies. 
By the way in which Srericer has published his results this is very 
easy. It then appears that the ellipsoid a is practically only necessary 
for the explanation of the anomaly in the motion of the perihelion 
of Mercury, and has very little influence on the other elements. 
Similarly the ellipsoid 5 affects almost exclusively the node of Venus. 
The rotation # of course has the same effect on all perihelia and 
nodes. In the following Table are given Newcoms’s anomalies together 
with the residuals which are left unexplained by SREELIGER’s hypothesis. 
In addition to SrRLIGER’S residuals [ also give residuals which are 
derived: A. by rejecting the rotation 7,'), and C. by omitting the 
second ellipsoid. The constants implied in the three sets of residuals 
are thus 

SEEMIGHR (9, = DAS <x 10h Gg, = 0 dl KOE eee 
A 2.42 0.93 0 
C 2.03 0 + 6.85 , 


where g, and q, are the densities of the two ellipsoids expressed 
in the sun’s density as unit. 


jd dt } 
SBELIGER did not compute the value of 5 for the earth. The resi- 
It 


dual given in the table is derived from the preceding paper by 
Mr. WorrJer. 

From the table it appears that the residuals C are quite as satis- 
factory as those of Sepnicer. Consequently the ellipsoid 6 is not a 


1) The residuals A have already been given in the above quoted paper in “The 
Observatory”. The density q is there erroneously given as 0.37 instead of 0.93 
(the correction to SrericeR’s value having been taken as 0.2 times this value, 
instead of 2.0). I have used the figures as published by SeeriGer. The small 
deviations found by Mr. Wortser are of no importance. 
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necessary part of the explanation. Of the residuals: A on the other 
hand there are, amongst the 10 quantities which were considered 


Mercury Venus Earth Mars 
de | | 

= NEWCOMB | —0”.88 -+0”.50 | +0”.21 +0”.31 | +07.02 +0”.10 | +0”.29 +0”.27 
NEWCOMB |-+8 .48 +0 .43| —0 .05 +0 .25/-10 .10 +0 .13| +0 .75 +0 .35 
dw \SEELIGER |—0 .01 1==0510 150.08 +0 .16 | 

dt |A 0 .00 —0 .05 +0 .18 +0 .52 

C =H: .02 = 2 |—0 .04 0 .00 
NEWCOMB | +0 .61 +0 .52| +0 60+0 17}. . . . . . [+0 .03+0 22} 
_ dn \Seruicer |—0 04 +0 .02 Na oi eae 26 | 

UIN 

dt |A +0 55 +0 .01 TS Ab a ahs Hee 

C ORS +0 .05 ore men el OF A4 
NEWCOMB | +0 .38 +0 .80| 40 38 +0 33|—0 .22 +0 21 | —0 .01 +0 .20 

di \SEELIGER |—0 .14 4-0 .21 (+0 .28) +0 .01 

dt |A Si Seay +1 .18 +0 .05 

CH ie VO 15 +0 .23 O47 —0 .01 


by Srerieer, 3 residuals exceeding their mean error. This in itself 
would not be sufficient to condemn the hypothesis, but the residual 
for the secular variation of the inclination of the ecliptic (+ 1.18) 
is entirely inadmissible. We conclude therefore that the rotation 7, 
is a vital part of the explanation. 

The great influence of the ellipsoid 4 on the ecliptic is, of course, 
due to the large inclination of its equator. If this equator was e.g. 
supposed to coincide with the invariable plane of the solar system, 
instead of with the sun’s equator, this influence would be much 
smaller. It is impossible to decide a priori whether it will be found 
possible so to adjust the position of the equator and the density of 
this ellipsoid that it has the desired effect on the node of Venus 
without appreciably affecting the earth’s orbit. 

The motion of the node of the earth’s orbit is the planetary pre- 
cession. Calling this 4, we have, for =f, 


3% 
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Aid.sine= Ls 
dt 
where p is the quantity so called by Mr. Worrysrr. We thus find 
for the three hypotheses 
SEELIGER AA = + 0".47 
A +1 138 
C +0 15 
Newcoms did not include a deviation between observation and 
theory for this quantity. At the time of the publication of the 
“Astronomical Constants” (1895) it was of course entirely correct 
to consider a determination of the planetary precession from obser- 
vations as impossible. Since that time however very accurate invest- 
igations of the precession have been executed by Nrwcoms himself 
(Astr. Papers, Vol. VIII) and by Boss (Astr. Journal, Vol. XVI, 
Nrs. 612 and 614). Now the precession in right-ascension depends 
on the planetary precession, but that in declination does not. We 
have 
m —= lcose —À 
n=—=lsine 
/ being the lunisolar precession. 
_Newcoms determined / from the right-ascensions and the declina- 
tions separately, and found a large difference in the results. If this 
were interpreted as a correction to the planetary precession, we 
should find 
A= 0 A 
Boss determined 7 and n separately, the latter both from right- 
ascensions and from deelinations. From his results I find (applying 
the correction of the equinox Ae = + 0'.30, adopted by both Boss and 
NEWCOMB) : 
A AE Bo =e OO 
The mean error does not contain the uncertainty of the correction 
Ae. Its true value probably is about = + 0".25. The mean error 
of the value of A2 derived from Newcome’s work is difficult to 
estimate; we may assume it to be equal to that of Boss. The mean 
of the two determinations would then be 
Ag = 4 "266 2-0" 18%), 


1) Also L. Srruve (A. N. Vol. 159, page 383) finds a difference in the same 
sense. Neglecting the systematic correction +, | find from his results 
Au = ke ODS =. SON 
The m. e. again is too small as it does not contain the effect of the uncertainty 
of the correction », 
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Now it is certainly very remarkable that this correetion is of the 
same sign and the same order of magnitude as the planetary preces- 
sion derived from the attraction of Skenicrr’s ellipsoids. It must however 
be kept in mind that it is very weil possible to explain the disere- 
pancy between the determinations of the constant of precession from 
right-ascensions and from declinations (or from m and from ») by 
the hypothesis of systematic proper motions of the stars. Thus Hoven 
and Harm (M. N. Vel. LXX page 586) have from the hypothesis of 
unequal distribution of the stars over the two streams derived a 
systematic difference which is equivalent (for Newcoms)’) to a correction 

i220" Se | 

As the effect of the attraction of SeELIGER’s ellipsoids on the motion 
of the moon Mr. Worrser finds a secular motion of both the perigee 
and the node. Both of these are due chiefly to the inner ellipsoid 
and are thus not much altered if SeeLIGer’s hypothesis is replaced 
by either of the hypotheses A or C. We find 


1w d 
SRELIGER a eae a seh eT 2".50 
dt dt 
A 4.2.04 <.'3 80 
C = 210 — 2 .06 


All these quantities are well within the limits of uncertainty of 
the observed values. 


Chemistry. — “The application of the theory of allotropy to electro- 
motive equilibria.” U. By Dr. A. Smits and Dr. A. H. W. ATEN. 
(A preliminary communication). (Communicated by Prof. J. D. 
VAN DER WAALS). 


(Communicated in the meeting of April 24, 1914). 


1: In the first communication ?) under the above title it has been 
demonstrated that the theory of allotropy applied to the electromotive 
equilibrium between metal and electrolyte, teaches that a metal that 
exhibits the phenomenon of allotropy and is therefore built up of 
different kinds of molecules immersed in an electrolyte, will emit 
different kind of ions. 

The different kinds of ions assumed by the theory of allotropy, 
need not be per se different in size, as was remarked before. They 


- 


1, For Strruve’s stars the correction would be + 0”.77. For Boss the corre- 
sponding computation has of course not been executed by HoucH and Har. 
2) These Proc. Dec. 27, 1913, XVI. p. 699. 
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may be equal in size, but different in structure. There can, however, 
be another difference besides, viz. in electrical charge. In the preced- 
ing communication the molecule kinds M/ and J/, were assumed, 
and for simplicity’s sake the circumstance that part of these molecules 
are electrically charged also in the metal, was not mentioned. This 
circumstance need not be taken into account, because the electrical 
charge of the atom JM in one ion M,) was put equal to that in 
the other ion (M). If it had then been our intention to indicate 
the total equilibrium in the metal, we might have drawn up the 


following scheme : ' 
2M°+602M,=+60 (1) 
ay ah ie) re 
2M = M, (4) 


from which follows that the system would then be pseudoquaternary. 
For an explanation of the electromotive disturbances of the equi- 
librium mentioned in the preceding communication, a consideration 
of the equilibrium (1) or (4) sufficed. Then equation (4) was chosen 
and 2M and M, were therefore called the pseudo components, 
though of course we might as well have taken 2M- + 60 and 
My + 60. 
Now it is clear that when in the metal ions of equal structure 
occur, but of different value, the scheme of equilibrium can be as 


follows. 
Me+202M- 436 (1) 
QS a 40) an) 


The system is then pseudo ternary, but in most of the cases it 
will be sufficient to consider the pseudo binary system, indicated by 
equation (1), and assume MW +29 and M-+380 as pseudo 
components. A similar equilibrium will have to be assumed, when 
the metal can go in solution with different valency under different 
circumstances. This case is probably of frequent occurrence. 

Of course the metal phase is already complex, when metal ions 
occur by the side of uncharged molecules, but this complexity does 
not suffice to explain the peculiar electromotive bebaviour of the 
metals, whereas schemes I and II are competent to do so. 

In connection with the foregoing considerations it could be shown 
that the unary electromotive equilibrium finds its proper place in 
the A,w figure of a pseudo system, which can clearly appear under 
certain circumstances, when we namely succeed in bringing the 
metal out of the state of internal equilibrium. Thus it was e.g. shown 
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that when a metal is brought to solution by an electrolytic way, so 
when it is made into an anode, the internal equilibrium will be 
disturbed, and the metal will become superficially enobled, at least 
when the velocity of solution is greater than the velocity with which 
the internal equilibrium sets in. In this case therefore the dissolving 
metal will have to become positive with respect to an auxiliary 
electrode of the same metal which is superficially in internal equi- 
librium. If reversely the metal is made to deposit electrolytically, 
the reverse will take place, and the separating metal will be less 
noble and therefore negative with respect to the auxiliary electrode. 

The anodic disturbance of equilibrium being attended with a dimi- 
nution of the more active kinds of molecules, this process will bring 
about a diminution of the chemical activity. This is therefore the 
reason that this anodic state of disturbance is a more or less passive 
state of the metal. 

At the cathode the disturbance lies exactly in the other direction, 
and a more active state will be brought about. 

The degree in which a metal is thrown out of its state of equi- 
librium in case of electrolytic solution or deposition, will depend 
on the current aensity at constant temperature, and it was therefore 
of importance to study the discussed phenomenon at different current 
densities. | 

What may be expected is this that the internal equilibrium will 
generally be able to maintain itself for very small current densities. 
Then the tension with respect to the auxiliary electrode will be 
zero, both when the metal is anode and cathode. With greater 
current densities the metal will get superficially more and more 
removed from the state of internal equilibrium on increase of the 
current density, and the tension with respect to the auxiliary elec- 
trodes will greatly increase. 

As the metal surface gets further removed from the state of 
internal equilibrium, so becomes more metastable, the velocity of 
reaction which tries to destroy the metastability, increases however 
in consequence of the change of concentration in the homogeneous 
phase; and we may therefore expect that the potential difference 
between metal and auxiliary electrode will vary with the current 
density in the way indicated in Fig. 1. 

When the velocity with which the internal equilibrium sets in, 
is small, the part ab will lie at exceedingly small current densities, 
and if the measurements are not exceedingly delicate, we shall get 
the impression that this piece is entirely wanting. 

It is clear that the tension which is represented here as function 
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of the current density means the tension with respect to the auxiliary 
electrodes. This tension, which is also called polarisation tension, is 


Polarisation. 


Fig. 1. 


positive when the metal is anode, and negative, when it is used 
as cathode. 

Further this possibility was still to be foreseen that when the 
metal assumes internal equilibrium very slowly a distinct change ot 
the potential difference would have to be demonstrated even after 
the current had been interrupted. 

Now it should be noted here that when a base metal has become 
noble during its use as anode, and the difference of potential between 
the metal and electrolyte has risen to the tension of liberation of 
the oxygen, at the anode two processes will begin to proceed side 
by side; besides the going in solution of the metal we get also the 
discharge of the OH’-ions and the possible formation of oxide skins, 
the influence of which should be examined. 

We get something of the same kind at the cathode. When viz. 
the difference of tension metal-electrolyte at the cathode has become 
greater than the tension of liberation of the hydrogen, besides dis- 
charge of metal ions, also discharge of H’-ions will take place there. 


Method of Investigation. 
The measurement of the polarisation tensions took place in the 


following way (see Fig. 2). Two electrodes of the metal that is to 
be investigated, in the shape of wire or rods, were placed in a solution 
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of a salt of the metal, generally the nitrate. The two electrodes 
were connected by a variable resistance and an Amperemeter with 
a number of accumulators, so that the strength of the polarizing 
current is easily changed and measured. To measure the tension of 
polarisation at one of the electrodes a beakshaped bent glass tube 
was brought into the solution, whose capillary point was placed as 
close as possible against the polarized electrode. In this glass tube 
a third (auxiliary) electrode of the same metal was brought. This 
auxiliary electrode, which is currentless, exhibits the normal potential 
difference with respect to the solution. As there is no loss of tension 
in the liquid of the auxiliary electrode, and its point is close against 
the polarized electrode, the potential difference between the auxiliary 
electrode and the polarized 
electrode gives directly the 
deviation which the potential 
difference of the polarized 
electrode presents from the 
normal potential difference, 
so the polarisation tension. 
The measurement of this 
potential difference took place 
by reading the deviation 
which was obtained by con- 
necting the auxiliary electrode 
and tbe polarized electrode 
by means of a resistance of 

Fig. 2. some meg. ohms with a gal- 
vanometer. The value of the scalar divisions in Volts was determined 


by connecting the galvanometer with a normal element. 
Silver, Copper, Lead. 


2. The investigation of different metals, undertaken in this direc- 
tion, has shown us that as was to be expected, they represent the 
most different types. 

There are metals which in contact with an electrolyte, assume 
internal equilibrium very quickly ; there are those that do so very 
slowly, and there are those that lie between these extremes. 

Beginning with the metals which quickly assume internal equili- 
brium, we may first mention the metals: silver, copper and lead. 

The result of the investigation of these metals is found in the 
following tables. 
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After the current had been interrupted, no potential difference with 
the auxiliary electrode was to be perceived. 

In the first column the current density is found expressed in milli- 
ampères per em”. In the second column the potential difference with 
the auxiliary electrode is indicated in Volts, the metal serving as 
anode (anodic polarisation tension); and in the third column the 
same is given for the case that the metal served as cathode (cathodic 
polarisation tension). 


TABIWE 

Silver electrode immersed in U, N. Ag NO;-solution. 
: en V-anode V-cathode 
25 + 0.03 — 0.006 

50 + 0.03 — (07012 

100 + 0.04 | — 0.014 
200 + 0.05 | — 0.015 
300 SOB er |) 2 teer OE 
400 + 0.06 | — 0.018 
750 + 0.09 | — 0.020 


It is seen from this table that the silver is not materially nobler 
during the solution, and not materially baser during the deposition 
than the auxiliary electrode, which is entirely in internal equilibrium. 
The polarisation is therefore exceedingly slight here, from which we 
may deduce that the metal silver very quickly assumes internal 
equilibrium. Under these circumstances it is of course out of the 

TABLE 12, 
Copper electrode in !/, N . Cu (NO3)s-solution. 


= ae | V-anode V-cathode 
14 + 0.016 | — 0.016 

zonk 15) E0026 le — AE 

Br vv Se _— 0.035 
114 + 0.048 — 0.063 
171 + 0.048 — 0.082 
230 + 0.050 — 0.088 
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question that a potential difference could still be demonstrated after 
the current had been broken, which accordingly was by no means 
the case. 
For copper the following values were found. (See table 2 p. 42). 
This is, therefore, the same result as was obtained for silver, and 
lead behaves in an analogous way, as appears from the following table. 


TABLE 3. 
Lead electrode in !/, N. Pb (NO3)s-solution. 


na V-anode | V-cathode 
36 + 0.010 — 0.006 

140 + 0.033 — 0.010 
280 + 0.046 — 0.013 
570 + 0.082 — 0.017 
1000 =| = 0.126 | —0.020 


After the current had been interrupted no potential difference with 
the auxiliary electrode could be demonstrated. 


Nickel. 


3. A splendid example for an internal equilibrium setting in very 
slowly is furnished by nickel, as appears from the following result. 


TABLE 4. 
Nickel electrode immersed in !/, N . Ni (NO3),-solution. 
5 V-anode V-cathode 
27 — + 1.61 — 0.95 
45 — + 1.64 — 1 
Odd bo se 68 WBE 
180 + + 1.77 — 1.40 
360 + 1.83 — 1.66 
540 + 1.88 — 1.77 


Nickel shows therefore an enormous anodic and cathodic polarisa- 
tion, which we must ascribe to the very slow setting in of the 
internal equilibrium, the more so, as we found that even after the 
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current had been interrupted a great potential difference with the auxili- 
ary electrode could still be demonstrated viz. an anodic polarisation 
tension of 0,95 Volt. and a eathodie polarisation tension of 0,5 Volt. 
These tensions decreased with diminishing velocity to 0, as a proof 
that the metal assumes internal equilibrium by the aid of the 
electrolyte. As on account of the oseillations of the mirror of the 
galvanometer the said tensions could not be observed quickly enough 
after the current had been interrupted, the above values give the tensions 
some seconds after the interruption of the current. Immediately after 
the interruption they willhave been + 1,88 V resp. — 1,77 V. Hence 
nickel, used as anode, becomes superficially a metal nobler than 
platinum as we know it. 


Cadmium. 


4. Cadmium is a metal lying between silver, copper, and lead 
on one side and nickel on the other side with regard to the velocity 
with which its internal equilibrium sets in. 

For this metal we found what follows: 


TABLES: 
Cadmium electrode in !/s N. Cd (NO3)s-solution. 


= | V-anode | V-cathode 
ee ee 
WARE BRC AEL 
72 | + 0.166 | — 0.186 
144 | + 0.290 | — 0.220 
256 vl | 02380 hte 10.220 
428 | + 0.507 | — 0.220 


Besides that the polarisation is smaller here than for nickel, it is 
noteworthy that while for nickel the anodic and cathodic polarisa- 
tion tension differ little, this difference becomes pretty considerable 
for cadmium, at least for large current densities. This peculiarity 
may be explained in a simple way by means of the A,z-figure given 
in the preceding communication. (See Fig. 3.*) 

Suppose that with unary electromotive equilibrium at the given 
temperature the electrolyte Z and the metal phase S coexist, then the 


i) Here the potential difference of the metal wiih respect to the electrolyte has 
been given. 
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metal phase in case of anodic polarisation will move from S to b, 


di; 
and over this range Er is great. 
adt 


In ease of cathodic polarisation the metal phase moves from S$ 
upwards along the line SC, but here we see now that the quantity 
AA h 
a will continually decrease and can become very small in consequence 
of the ever increasing curvature of the line SC, which can be even 
a great deal more pronounced than has been drawn here. 

It now follows from the observations that the metal cadmium 
assumes internal equilibrium pretty rapidly,-and in harmony with 
this is the fact that after the current had been broken the polarisa- 
tion had soon entirely vanished. 

It was besides noticed in this investigation that the metal which 
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served as. anode, was gradually covered with a skin of basic salt. 
Tt was, however, easy to demonstrate that this skin could not have 
caused the observed phenomena through increase of the resistance, 
for the phenomena remained the same also when this skin, which 
could be very easily removed, was taken away during the electro- 
lysis. Moreover it appeared that when this metal with skin was 
made to cathode, the cathodic polarisation was the same as in the 
absence of this skin. The formation of the skin is therefore a secon- 
dary phenomenon, as was also expected (see under 1). 


. Pd 
Bismuth. P 


5. Bismuth is a metal that very clearly seems to be catalytically 
influenced, as appears from the following table. 


TABLE "6. 
Bismuth in !/o N Bi (NO;)s-solution. 


5 | V-anode | V-cathode 
| 

35, | 0.02 |. — 002 

GON anand ROTO 

Ke ali ati atl We niDe 
je eld 0208 


260 | 


The aaodie polarisation presents this particularity that though it 
is exceedingly small up to a current density of 133 milli Amperes 
per em’, as for silver, it becomes pretty considerable for a current 
density of 260 milli Amperes. Now it is worthy of note that the 
anodie polarisation was at first also small for a current density of 
260, but it inereased slowly, so that it amounted to + 1.14 volts 
after a few minutes. For smaller current densities, however, no rise 
of the polarisation tension took place in course of time. The explanation 
of the observed phenomenon is probably as follows. The Bismuth, 
which gets positively charged in the used solution, assumes internal 
equilibrium very quickly at first. At the greatest density of current, 
however, this internal equilibrium is no longer able to maintain itself, 
and then generation of oxygen seems to take place, which oxygen 
evidently exercises a negative, catalytic influence, which renders the 
metal still nobler. This phenomenon being attended with the formation 
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of a white skin (probably of basie salt) we have again examined 
what influence this skin exercises on the phenomenon. For this pur- 
pose the current was suddenly reversed, after a thick layer of the 
basic salt had formed, in which however, only a cathodic polarisation 
of 0,18 Volt was observed as a proof that this skin, indeed, increased 
the resistance somewhat, as was expected, but that this could have 
been only of slight influence on the amount of the anodic polarisation 
tension '). What the negative catalytic iffluence here consists in, 
cannot be said with certainty, but as has been stated, it seems 
probable to us that the oxygen, dissolved in the metal to an exceed- 
ingly slight degree, retards the setting in of the internal equilibrium. 


Tron. 


6. If we now proceed to the metal iron we meet again with 
phenomena, and very pronounced ones too, which in our opinion 
point to catalytic influences. 

We found the following result : 


TAB EEA 


; Iron electrode immersed in !/, N.FeSO4-solution. 


= | V-anode 


i 
BA AAA Sr ell A ETE 
50 0.026 
100 0.038 
130 | 0.044 
160 0.064 
199 0.075 
250 | 0.113 
300 | 0.164 
400 | 2.25 
600 | 2.47 
800 | 2.53 


from which it appears that in this transition of a current density 
from 300 to 400 the iron has suddenly become very noble. This 


!) For it can hardly be assumed here that the skin offers a different resistance to 
currents of different direction. 
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phenomenon, which has been already often observed, and is called 
the becoming passive of iron, has not been accounted for in a 
satisfactory way. 

In the light of these new considerations the explanation, as was 
already observed, is not difficult.*) The iron, which shows this 
sudden increase of the anodic polarisation, is entirely free from so- 
called annealing colours and perfectly reflecting, so that an oxide 
skin is out of the question. 

If we, however, assume that the metal dissolves a little oxygen, 
and this oxygen retards in a high degree the setting in of the 
internal equilibrium, the sudden considerable enobling of the metal 
is explained in a simple way. 

Up to now it nas been lost sight of too much that the pheno- 
menon of passivity, arisen by an electrolytic way, and that called 
into existence by a purely chemical way, must be explained from 
one and the same point of view. By a purely chemical way iron 
is made passive by being simply immersed in strong nitric acid for 
a few mornents. If then the iron is put in a solution of copper 
sulphate, the copper does not deposit. By a slight shake, the appli- 
cation of a magnetic field ete. this passive state can, however, 
at once be destroyed, and the iron is covered with a coat of 
copper. 

If we consider the passive iron to be iron that is superficially 
very far from the state of internal equilibrium, in which super- 
ficially the easily reacting molecules are practically entirely wanting, 
and assume that this state can be maintained for some time on 
account of the negative catalytic action of oxygen under certain 
circumstances, which state, however, outside the cell, can be destroyed 
by vibrations, a magnetic field etc., the phenomenon of passivity 
of iron becomes less unintelligible. ®) : 

Returning to the experiment, we will show in the first place 
what was’ found when smaller current densities were worked with 
after the iron had become “passive” at higher current density. 

This table exhibits therefore the great difference between the passive 
and the active iron. As appears from the last table but one, the 
active iron yields a difference of tension with the auxiliary electrode 
of 0,026 Volts for a density of current of 50; the passive iron yields 
a difference of tension of 2,18 Volts for the same current density. 


1) Smits, These Proc January 25, 1913, XVI. p. 191. 


2) We have probably to do here with metal ions of different valency. (We shall 
return to this later on.) ; 
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tron electrode, immersed in '/, NFeSO,-solution. 


5 | V-anode | V-cathode 
800 2.53 | 0 50 
600 2.47 | 0.47 
400 | 2.40 | 0.44 
200 | 2.30 | 0.42 
100 2.24 0.37 
50 | 2.18 | 0.27 


It is now remarkable that, as has also been found by others, 
contact with hydrogen can annihilate the passivity. When we reversed 
the current and made the passive anode the cathode for a moment, 
and then reversed the current again at a density of 400 m.A., the 
difference of tension with the auxiliary electrode amounted at first 
only to 0,12 Volt, but this tension rose at first rather slowly to 
0,6 Volt and then rapidly to 2,27 Volts. 

It therefore appears from this experiment that hydrogen is a 
positive catalyst for the setting in of the internal equilibrium of 
iron, which also accounts for the fact that the cathodic polarisation, 
as appears from the last table, is extremely small in comparison 
with the anodic polarisation. The difference between anodic and 
cathodie polarisation is therefore so great here, because for the 
anodic polarisation a negative catalyst, and for the cathodic polarisa- 
tion a positive catalyst come into play. 

That for nickel the anodic and the cathodic polarisation are about 
the same proves that the oxygen and the hydrogen do not act 
noticeably catalytically on this metal. 

It should finally still be pointed out that when at the moment 
that the passive iron had reached an anodic tension of polarisation 
of 2.27 Volts, the current was broken, still a tension of polarisation 
was observed of 1,07 Volts, which tension, however, pretty quickly 
fell to 0. So it appeared just as for nickel that the iron without 
passage of the current soon assumes internal equilibrium by the aid 
of the electrolyte, and becomes active. We see from this that the 
negative catalytic action is maintained by the current; when the 
current is broken the active iron above the liquid will, however, 

4 
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promote the setting in of the internal equilibrium in the at first 
passive part, and this will be the explanation of the fact that the 
iron becomes active after the current has been broken. 

Also after the use of the iron electrodes as cathode the current 
was broken, and as was to be expected, the much smaller cathodic 
polarisation tension of + 0,15 appeared to run very rapidly back to 0. 


Aluminium. 


7. As far as its electromotive behaviour is concerned, aluminium 
is undoubtedly one of the most interesting metals. For anodic pola- 
risation the current density decreased regularly, and the tension 
increased, as is shown in the following table. 


TABLE. É 


Aluminium electrode in 19 NAls (SO4)3-solution. 


0 V-anode 
0.8 + 2.56 
0,53 + 3.48 
0,46 + 3.84 
0,36 + 412 


Accordingly we find anodic polarisation tensions of about 4 Volts 
for this metal- already at very small current densities, which points 
to the fact that here a layer of great resistance must have been formed. 

Up to now it has been tried to explain this strong anodic polari- 
sation for aluminium by the formation of an insulating skin of Al,O,. 
With greater densities of current the anode is really covered with 
an oxide skin, and it is therefore natural to assume the formation 
of this skin also for smaller densities of current, and attribute the 
observed phenomenon to this skin of Al,O, with great resistance. 
There are however objections to adopting this explanation, for in 
our experiments no trace of annealing colours was to be observed, 
and the metal remained beautifully reflecting. 

To ascertain whether in our experiments a skin of great resistance 
had, formed round the anode, we made the following experiment. 

The bottom of the vessel with the Al?(SO,), solution was covered 
with a layer of mercury, and the aluminium electrode was anodi- 
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tally polarized. When this electrode was now covered with a skin 
of great resistance, an immersion of one extremity of the aluminium 
electrode in the mercury should not exert any influence on the 
difference of tension between the aluminium anode and the auxiliary 
electrode. If, however, this skin does not exist, the aluminium elec- 
trode will get into contact with the mercury during the just described 
manipulation, and the said difference of tension will be modified. 

The result was that when during the anodic polarisation the 
aluminium anode was immersed in the mercury, and the current 
was then broken, the difference of tension with the auxiliary elee- 
trode was absolutely unchanged, which proved therefore that the 
aluminium electrode did not get in contact with the mercury, but 
was surrounded with a coat of electrolyte. This appeared to be no 
specifie property of the anode, for the same thing was observed after 
cathodic polarisation. An unpolarized Al-wire, immersed from the 
electrolyte in the mercury layer, immediately assumed the potential 
of the mercury, from which therefore follows that the gas layer on 
the aluminium retains the electrolyte with great force. 

In this way the question of the skin could therefore not be solved. 
What is remarkable is this that the skin formed during anodic 
polarisation, immediately seems to disappear again by cathodic 
polarisation. The assumption of a film of Al,O, is attended with 
great difficulties, in the first place this oxide cannot be reduced 
under these circumstances by H in status nascens, and in the second 
place it appears, that nothing is to be perceived of this skin, at 
least with the naked eye, as no annealing colours are to be observed, 
and the metal remains clearly reflecting. It seems therefore not too 
hazardous to us to eonelude in virtue of this that the skin cannot 
be an oxide layer, and the only thing left to us is to assume, as 
we did for iron, that the oxygen dissolves in the aluminium during 
anodic polarisation, and that this solution possesses a great electric 
resistance for aluminium. In this way we come to the assumption 
of a layer with great resistance, of which it is, however, to be 
understood, that it entirely disappears on cathodic polarisation to 
make room for a solution of hydrogen and aluminium. Accordingly 
this layer is metallic, and can amalgamate in course of time when 
in contact with mercury, through which the resistance disappears. 
The result at which we arrive is therefore this that the anodically 
measured tension is so extraordinarily great for aluminium, much 
greater than the liberation tension of O, can be here, because the 
dissolved oxygen not only retards the setting in of the internal 
equilibrium, but also a layer of great electric resistance is formed. 

4* 
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At greater current densities Al,O, can separate from this solution 
of oxygen in aluminium, but then the electrode is no longer reflect- 
ing, and it cannot be made reflecting again by cathodic polarisation. 
This layer of Al,O, can also possess a great resistance, but the 
primary feature of the phenomenon is in all cases the formation of a 
solution of oxygen in aluminium, which possesses a great resistance. 


If we now proceed to the description of the experiments with 
amalgamated aluminium, we will begin with stating that when in 
the just described experiment the aluminium electrode was raised 
out of the mercury, after amalgamation had set in, and the lower 
opening of the auxiliary electrode was placed against the extremity 
of the aluminium wire, this part of the aluminium had undergone 
a great change, and had become negatively electrical with respect 
to the auxiliary electrode. The tension difference amounted to —0.9 
Volt, and still increased slowly. At the place where the aluminium 
had been in contact with the mercury, it had therefore become 
much baser, and had visibly become somewhat amalgamated. 

That amalgamated aluminium is baser than the non-amalgamated 
metal, was known, but the exact value of this difference in tension 
was not met with in the literature. To determine this difference in 
tension, an aluminium electrode was amalgamated by immersion in 
a solution of HgCl,, after which this electrode was compared with 
the auxiliary electrode. We found that the amalgamated Al obtained 
in this way was still baser than the just mentioned Al, for the 
tension of this electrode with respect to the auxiliary electrode 
amounted now to —1.27 Volts. 

That the amalgamation for aluminium has a very particular effect 
follows moreover from this that amalgamated aluminium possesses 
a much greater chemical reactive power than the ordinary alumi- 
nium. Amalgamated aluminium immersed in water gives a very 
considerable generation of hydrogen, and it oxidizes so rapidly when 
exposed to the air that the metal is immediately covered with a 
layer of oxide, the liberated heat raising the temperature of the metal 
very noticeably. 

In consideration of all this it seems more than probable to us 
that the action of mercury is here positively catalytic, and that mer- 
cury therefore, when dissolving in aluminium, brings the metal in 
internal equilibrium, which condition corresponds to a greater con- 
centration of the simpler, so more reactive kinds of molecules. 

The anodic polarisation of the amalgamated state is almost as 
slight as for silver, as a proof that the internal equilibrium sets im 
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much more quickly here than for pure Al, but not yet so rapidly 
as for Ag. 


Amalgamated Aluminium. 


ijo on V-cathode 
2 + 0.03 


By Ineo «| — 0:05 
iin POS)". | 020 
33 | +018 | --0.33 
47 | +034 


That the amalgamated aluminium goes into solution much more 
rapidly than the non-amalgamated aluminium also appears from 
what follows. If a new aluminium electrode is put in the just men- 
tioned mercury layer, which covers the bottom of the vessel with 
the Al,(SO,),-solution, this electrode assumes the mercury potential. 
The tension difference with the auxiliary electrode is then namely 
+ 0,6 Volt, which tension difference is also found when a plati- 
num electrode is used instead of an aluminium electrode. If the same 
experiment is, however, made with an amalgamated Al-electrode, 
the tension difference with the auxiliary electrode is — 0,78 Volt. 
It follows from this that if the ordinary aluminium partially immer- 
sed in mercury, failed entirely to maintain its potential difference 
with respect to the electrolyte in consequence of too slow solution, 
the amalgamated aluminium does not quite succeed in this either, 
but it almost succeeds, for instead of — 1,27 Volts its tension with 
respect to the auxiliary electrode has namely become — 0,78 Volt. 

lt is perhaps not superfluous to elucidate this phenomenon in a 
few words. With immersion of the aluminium electrode in the mer- 
cury a short circuited element aluminium-electrolyte-mercury is obtai- 
ned, in which the aluminium is the negative pole, and therefore 
sends ions into solution. If now the setting in of the internal equili- 
brium took place with great rapidity, the aluminium would be able 
_to maintain its unary potential difference, and in this case the ten- 
sion of this electrode with respect to the auxiliary electrode would 
have remained — 1.27 Volts. Now we find —0,78 Volt, proving 
that the state of internal equilibrium was disturbed to a certain 
extent after all, and the metal has become a little less base by 
dissolving. If, as was described, the same experiment is made with 
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ordinary aluminium, which is therefore an enobled state of aluminium, 
we get what fellows. 

The ordinary aluminium is at first the negative pole with respect 
to the mercury. It becomes, however, noble by the dissolving, and 
it is soon as noble as mercury. Nobler than mercury it can, howe- 
wer. not become then, since in this case, the current would be 
reversed, which would change the state of the aluminium again in 
the base direction. This is the reason that ordinary non-amalgamated 
aluminium immersed in mercury, assumes the potential of the mer- 
cury. This experiment can however not be continued for any length 
of time, because the aluminium in contact with mercury slowly 
amalgamates, as we have seen, in consequence of which finally also 
the part which is not in contact with the electrolyte, will become 
active, so that the same things will be observed as in case of well- 
amalgamated aluminium. 

In a following communication the investigation of the other metals 
will be treated, after which a critical summary will be given of the 
theories which have been proposed by others up to now as an ex- 
planation of some of the facts discussed here. 


SUMMARY. 


In the foregoing pages the theory of allotropy was applied to the 
electromotive behaviour of the metals Ag, Cu; Pb, Ni,Cd, Bi, Fe, Al. 

We have come to the conviction that the newly obtained point 
of view, as we hope to prove further, enables us to survey the 
widely divergent cases, and gives a deeper insight into the signifi- 
cance of the observed phenomena. 

Anorg. Chem. Lab. of the University. 
Amsterdam, April 28, 1914. 


Chemistry. — “The Allotropy of Cadmium.” IL. By Prof. 
Ernst Conen and W. D. HELDERMAN. 


(Communicated in the meeting of April 24, 1914). 


1. In our first paper on this subject’) we concluded from measure- 
ments with the pyknometer and the dilatometer that cadmium has 
a transition temperature at 64°.9 and that this metal as we have 
known it until now, is a metastable system in consequence of the 
very strongly marked retardation which accompanies the reversible 


1) These Proc. 16, 485 (1918). 
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change of these allotropic modifications both below and above their 
transition points. As we pointed out in our papers on the allotropy 
of copper and zine, the possibility that there might be present at 
the same time more than two allotropie forms had to be taken 
into account. 

If this were the case, a variation in the previous thermal history 
might have an influence on the transition temperature. 

The samples which had given 64°.9 as their transition point 
(Vide § 11 of our first paper) only differed by the fact, that the 
second one had been in the dilatometer at 100° in contact with 
paraffin oil- for 36 hours after having given 64°.9. At the end of 
this time the measurements were made, which are given in Table II. 
On continuing our investigations we got the impression that this 
difference in the thermal history of the samples might not have been 
large enough to determine whether a third modification can be 
formed. As a result of the following considerations we carried out 
some new experiments. 


2. If in our sample A, (first paper) there had been present 
originally more than two modifications, it might be possible that 
the greater part of the modification(s) which is (are) stable at higher 
temperatures had been changed into the ;"-form, as the sample 
had been heated at 101°C. for 24 hours in contact with a solution 
of cadmium sulphate. In this case the heating at 100°, which 
followed the first experiment with the dilatometer, might have had 
no perceptible influence on the transition point which is in accordance 
with the results given in tables I and II. 


3. We now varied the previous thermal history of A, very 
markedly. For this purpose the metal was taken out of the dilato- 
meter and chilled by throwing it into water. After this it was put 
into a new dilatometer without previously treating it with a solution 
of cadmium sulphate at 101°. The dilatometer was then kept at 
70°.0; the temperature remained constant within 0.003 degrees. The 
meniscus fell in 3°/, hours 143 mm. while we observed formerly 
(first paper) a strongly marked increase of volume at the same 


temperature. 

4. In order to control this result, we carried out the following 
experiment : 

A fresh quantity of the metal (“KaurBaum”’ — Berlin) weighing 


about 300 grams (X,) was melted and chilled. We then turned it 
into thin shavings on a lathe and put it into a dilatometer ; the bulb 
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was filled up with paraffin oil and a quantity of small glass-beads. 
(Vide our first paper $ 10). At no temperature between 50 and 100° 
(vide $ 4 of our first paper) did any ehange occur. We then added 
100 grams of the same material A, which had been in contact with 
a solution of cadmium sulphate (at 50°) during 12 hours. We now 
observed that the meniscus of the dilatometer 


fell 167 mm. in 54 hours at 50°.0 
so SA eae pigsty. ONE Nees, NERD, 


This result is in perfect accordance with the observations of § 3. 


ad 


5. The following experiments prove in a more quantitative way 
that the previous thermal history of the metal has an influence on 
the transition temperature. 

A fresh quantity of the metal (,) was divided into two parts 
KC) and (K,)77| of 500 grams each. 

(Kr was reduced into turnings on a lathe and immediately put 
into a dilatometer. At 69°.9 we observed a decrease of volume 
(456 mm.) in 25'/, hours. 

- (Kyr was converted into turnings in the same way and kept 
for 5 days and nights at 100° in a solution of cadmium sulphate. 

After baving it put into a dilatometer (bore of capillary tube 1 mm.) 
we made the following readings (Table I). 


TABLE I. 
Temperature. | Pree eee oe | Increase of the se pe a 
| hours. | PERU in mm. per hour 
| 
49.6 = | — 100 — 600 
60.4 5 | — 125 | — 250 
62.5 5 | 2>*fd | had 
63.1 ; sin as 45 
63.7 7 4-88 + 249 
69.6 5 | +. 225 | + 2700 


The transition point is 62°.8. 


6. ‘The metal was now kept at 100° in contact with a solution 
of cadmium sulphate for 7 days and nights. After this it was put 
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again into a dilatometer which was heated for 24 hours at 145°, 
then for 24 hours at 270° (that is only 50 degrees below the melting 
point of the metal). 

We only succeeded in “bringing it into motion” by heating it for 
48 hours at 50° in a solution of cadmium sulphate. 

We then got the following results (Table IT): 


TABLE II, 


| Duration of the 
Temperature. observations in 
hours. 


Increase of the 
; level 
in mm. per hour 


Increase of the 
level in mm. 


60.0 Is — 105 — 210 
63.0 IJ ede NNS 
63.5 1 ils Sata: Cong 
64.0 11g Je +13 
69.0 Ie 4 58 1 348 


The transition point has been changed to 63°.4. 


7. In this way we carried out a great many experiments with 
samples of different previous thermal history '). The extreme limits 
which were found for this (apparent) transition temperature were 
69°.3 and 61°.3. 


8. As it is almost impossible to fix the real transition point 
of the pure modifications in this way, we tried to prepare a sharply 
defined modification of cadmium avoiding high temperatures. For 
this purpose we electrolyzed an ammoniacal solution of cadmium 
sulphate between an electrode of platinum and one of pure cadmium. 
(40 Volt, 20—25 Ampere; surface of the electrodes 26 ¢m?’.). 

We kept the temperature of the solution below 40°, cooling the 
vessel with ice. The solution was kept homogeneous by a glass-stirrer 
(Witt), which was kept in motion by a small motor. The cadmium 
which was formed at the electrode was washed with dilute sulphuric 
acid, then with water, alcohol, and ether. After this it was dried at 40°. 

170 grams of this material were put into a dilatometer. As it is 
very finely divided, great care must be taken in order to remove the 
air from the dilatometer. We used a GaxpE-pump for the purpose. 


1) The details will be given in full in our paper in the Zeitschrift f. physik. Chem. 


58 


The paraffin oil was boiled on this pump with finely divided cad- 
mium. If there had been formed during the electrolysis only one 
moditieation of cadmium, we might expect that no transformation 
would occur in the dilatometer, in consequence of the absence of 
germs of a second form. From our earlier experiments (first paper 
$ 4) we know that even if a second modification were present the 
retardation may be very strongly marked. 

We found in our first experiment that neither at 50°, nor at 
80°, nor at 100° did any change occur. 

After having removed the paraffin oil we washed the metal with 
ether and brought it into contact with a solution of cadmium sul- 
phate (12 hours at 100°; 48 hours at 50°). After this the dilato- 
meter gave the following results (Table III). 


TABLE II. 
epe | Oe cee a ae | ee 
71.0 | 34 es — 468 
94.8 | Is | 4. 132 | 4 528 
70.5 53/4 — 267 AG 
70.5 | 11 | 1 S47 | el 
60.0 24 | — 138 | tar 
70.0 1p | + 70 EN 
65.0 | 11/5 | oes 53 to 


There is a change in the direction of motion of the meniscus at a 
constant temperature (70°.5). The transition point is now between 
65 and 70°. 

This change proves therefore that now (viz. after the treatment 
at 100° and 50° with a solution of cadmium sulphate) there are 
simultaneously present more than two modifications. 


9. Finally it may be pointed out here that the pyknometer cannot 
be used to determine with exactness the density of the modifications 
of cadmium formed by electrolysis, as this material always includes 
constituents of the solation which has been electrolyzed. The water 
may be driven out by melting the metal; the salt will then flow 
on to the surface of the metal and may be washed away, but for 
exact determinations this material cannot be used. 


Utrecht, April 1914. van ’T Horr-Laboratory. 
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Chemistry. — “The allotropy of Zinc.” Il. By Prof. Ernst Conen 
and W. D. HELDERMAN. 


(Communicated in the meeting of April 24, 1914). 


1. In our first paper on the allotropy of zinc’) we called attention 
to the “atomized” metals which may be prepared by the new method 
of M. U. Scroor of Zurich. 

We then pointed out that this method forms an ideal way of 
producing chilled metal. As a result of our investigations on the 
metastability of the metals as a consequence of allotropy we may 
expect that “atomized” zine will contain two or more allotropic 
forms at the same time. 

From a technical standpoint we thought it interesting to prove 
this more directly: if the ‘‘atomized” metal really contains two or 
more modifications at the same time, it will disintegrate in the long 
run when stabilisation occurs. 


2. Mr. ScHooP supplied us with one kilo of zine, which had been 
“atomized” in the way described in our first paper on the subject. 
As the material is very finely divided one would expect that an 
eventual change would proceed in such a way that it could be 
measured easily. On the other hand much care must be taken to 
remove air from the very finely divided material after having brought 
it into the dilatometer. 


3. About 750 grams of the metal and a small quantity of glass- 
beads which had been heated beforehand*) were put into a dilato- 
meter. The material had not been in contact with an electrolyte. The 
capillary (bore 1 mm.) was bent horizontally and put in connection 
with a GAEDE pump. In order to remove the air as completely as 
possible the dilatometer remained in connection with the pump 
for 1—1'/, hours. After this the paraffin oil was filled in; it had 
been carefully boiled on the pump at 200° in contact with some 
“atomized” zinc. In this way the instrument was made perfectly 
free of air as many experiments proved. 


4. In a preliminary experiment we found that a contraction 
of the metal occurs at 25°.0. We then carried out a fresh one, the 
“atomized” metal having been kept at 15° in a dry state for three 


1) These Proc. 16, 565 (1913). 
2) These Proc., 16, 485 (§ 10) [1913]. 
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months. We used a special thermostat, which will be before long 
described. The temperature was determined by means of a BECKMANN 
thermometer. [t remained constant within some thousandths of a 
degree. 

The results are shown in Table I. 


TABLE 
Temperature 25°.00. 


| Level of the 
| meniscus (mm.) 
| 


Time in hours 


A strongly marked contraction at constant temperature oecurs. 


Do. As the metal contains a certain amount of zine oxide in 
consequence of its fine state of division, the question might arise 
whether the contraction observed may be attributed to some chemical 
reaction between the oxide and the paraffin oil. 

In order to investigate this point more closely we filled a dilato- 
meter (100 ce.) with zine oxide and the same paraffin oil we had 
used in the experiment described above. After having evacuated it 
at the GAEDE pump we put it into a thermostat at 25°.00. The 
meniscus did not show any change in 24 hours. The contraction 
observed in our first experiment has consequently to be attributed 
to a change in the metal. We intend continuing our investigations 
on the different modifications of zine present in.the ‘‘atomized” metal. 


Utrecht, April 1914. vAN ’r Horr- Laboratory. 


Chemistry. — “The allotropy of Copper”. IL. By Prof. Ernst Conen 
and W. D. HeErLDERMAN. 


1. We have also continued our investigations on the allotropy 
of copper in the direction indicated in our second paper on the 
allotropy of cadmium. 

The dilatometer had shown (§ 4 of our first paper) that there is 
a transition point at 71°.4. We used the same method described in 
our second communication on cadmium in order to determine if 
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this point changes by a change in the previous thermal history of 
the metal. 


2. The sample the transition point of which had been fixed at 
71°.7 ($6 of our first paper) had not been treated with an electrolyte. 
It was removed from the dilatometer, washed with ether and kept 
in contact for some days with a solution of copper sulphate. This 
material (Cu,,;) then gave the following results: 


TABLE I. 
en | - 
Temperature. BR ee in | Rise of level | AE ae 
hours | ah | per hour 
EE REE A A a ae Ee SPY ES oR UE 
61.7 | Ug | Bali: | — 468 
14.6 | ie 4.295 4.1350 
69.6 | M4 | — 38 — 152 
72.1 | Ile od + 402 
70.3 | 1 | — 38 saree 
71.6 2/3 + 84 + 126 
10.8 IJ» | SEE Ley 
10.6 1 ils SS) | =~ Bla 
70.7 5 Ile + 36 | Eer 


The transition point has thus been altered from 71°.7 to 70°.65. 


3. As far as the measurements we carried out with samples of 
very different previous thermal history are concerned, we only 
mention here that we found as upper limit of the transition tem- 
perature 71°.7, as lower one 69 .2. *) 


4. We merely give here some details concerning a sample (Curry) 
which had been made by mixing a certain weight of Curr (Transi- 
tion point 70°.65) with an equal anantity of the original material 
(Kupfer-KanrBauM, Elektrolyt, geraspelt), which as we were told 
when purchasing it, had heen melted after electrolysis. Curry had 
been at 50° for 10 days and nights in contact with paraffin oil. 
The results are given in table Il. 


1) The description of our experiments will be given in full in our paper in the 
Zeitschr. f. physik. Chem. : 


° 62 


TABLE II. 
Temperature, Duron of Ben 
| | per hour 
68.0 21, — 15 — 6 
75.0 11/2 + 46 + 30 
72.0 5/6 + 14 +17 
70.0 Bis + 19 + 2 
69.5 | 58 | +243 | + 4 
69.5 | 31 — 36 | — 1 


At constant temperature (69°.5) the direction of motion of the 
meniscus has changed. This change proves that also in this case 
there are more than two modifications present at the same time. 


5. How extraordinarily marked the retardations are which may 
occur, is shown by the behaviour of a sample Cury (comp. $ 7 of 
our first paper); it was not possible to “bring it into motion” even 
after treating it with a solution of copper sulphate. However, it 
ought to be pointed out that there was no finely divided powder 
present, which was the case with the other samples we investigated. 


Utrecht, April 1914. van ’t Horr- Laboratory. 


Botany. — “nergy transformations during the germination of 
wheat-qrains’. By Luc C. Doyer. (Communicated by Prof. 
BA. eC. WENT) 


(Communicated in the meeting of April 24, 1914). 


The reserve materials of seeds represent a large quantity of che- 
mical energy. In germination these substances are split into com- 
pounds with a much smaller number of atoms and partly by the 
process of respiration completely oxydized to carbon dioxide. In 
consequence of these exothermic processes a considerable quantity of 
energy is set free, which can be used for the various vital- 
processes. 

In order to obtain a conception of these transformations of energy 
during germination, | have made some observations on germinating 


68 
wheat-grains, on which I now wish to make a short preliminary 
communication. 

The germination of the wheat-grains under observation always 
took place at about 20° C. in the dark, there could therefore be no 
energy taken up from without by assimilation of earbon dioxide ; 
all the energy needed for the processes of germination had therefore 
to be provided by means of the reserve materials. 

At the commencement of germination imbibition chiefly takes 
place, in this way heat is already liberated, therefore energy ; then 
there follow very soon a series of exothermic processes, in wheat- 
grains more especially decomposition of starch to sugars and com- 
plete oxydation of this material of respiration to carbon dioxide. 
The energy set free in this manner is now applied to various ends : 
dst. for all kinds of synthetic processes by means of which plastic 
materials are formed for the growing plant, 2rd. for the production 
of osmotic pressure, 3°. for the overcoming of internal and external 
resistances, and 4'". energy is given off in the form of heat-radiation. 

The methods used to obtain an insight into these various energy- 
relations were the two following : : 

1s*. Determination of the heat of combustion before germination, 
and after the germination had been progressing for some time. 

2d. Determination of the quantity of heat produced during ger- 
mination. 


As regards the first point, it must be pointed out that the internal 
chemical energy during a certain length of germination must decrease; 
a measure of this loss can be found by determining the difference 
in the heat of combustion. The energy which will no longer be 
shown by this heat of combustion, is that which is utilized osmoti- 
cally, for overcoming resistances and which is lost by the giving out 
of heat. The energy, however, which is used up during germination 
for synthetic processes is again fixed as chemical energy and is 
indeed represented by the heat of combustion. 

The loss of energy, that is found by determinations of the heat of 
‘combustion, does not give therefore the total amount of energy, 
which has played a part during germination, for a considerable part 
of this energy has again been withdrawn from observation by the 
synthetic processes. 

The BerTHELOT-bomb was used for determining the heat of com- 
bustion. In it a weighed quantity of wheat-grains, germinated or 
ungerminated and previously dried for a long time at 100°, were 
burnt; by the rise of temperature of the water in which the bomb 
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was placed, in combination with the water-value of the respective 
parts, the amount of energy which was set free by combustion, 
could be calculated. 

This heat of combustion was always calculated for the weight of 1 
gram of ungerminated wheat (initial-weight) ; this was done in the case 
of both germinated and ungerminated wheat. In this way comparable 
values were obtained; the difference in heat of combustion after a 
definite period of germination gave therefore the loss of energy 
above referred to. 


Heat of combustion of wheat calculated per gram of the initial-weight, 
expressed in gram-calories. 


The germination took | Average | Loss of energy 


place at + 20° €C. | | values | 


| 
Ungerminated 3748 —. 3774 — 3778 —3794—3797!)| 3778 | 


Sa nth Phe PFE a CO a he | ROT at Ate ie ee eee Set ae Ist day 
After 1 day’s germin: | 4 
Eet: 2nd day 
CRIZ POA Peg [senses 3774 
/ 4 ein cases 3rd day 
ap Sas N 3740 3740 
| ( 54 4th day 
oh ‘ 3653—3681—3682 —3707—3707 | 3686 | 
| OA PE Sth day 
ne nd N 3594 3504 | 
OBN ye 6th day 
EN ; 3498 3498 |) 
ps En th day 
Te : 3318 3318 |? 


It is clear from these values, which were found for the heat of 
combustion, that the loss of energy during germination steadily 
increased. The loss of energy in the first two days was slight; 
probably imbibition had chiefly taken place at this stage, whilst the 
chemical transformations had then only subsidiary importance. 

It can be further deduced from the tigures that between the 2rd 
and 3'¢ day especially the loss of energy greatly increased, and after 
that continued to rise. fj 

If these values for the loss of energy after different lengths of. 
germination are summarized graphically, a curve is obtained, which 
begins almost horizontally, and rises more and more steeply. 

The loss of energy per hour per kilogram of initial-weight can be 
roughly calculated from the loss of energy during the different days. 

The loss of energy per gram of initial-weight was after two days 
4 calories. 


1) The figures are arranged in ascending values, and not chronologically. 
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During the 1s* and 2rd days the loss of energy per hour per kilogram of 


1000 

the initial-weight was therefore roughly PT EN 00, Gak 
3 1000 

The same for the 3 day at ~~ of => 1417; 

9) >, >) >, 4th 9) >’ x 54 — 2250 | 

EE) ” EE) EE) oth EE) ” > 4 92 — 3833 PE) 

Bs ad 7) We Or, 

” ” ” ” ah ” ; ” =< 180 — 7500 ” 


This amount of lost chemical energy corresponds therefore in all 
probability to that which is applied to osmotic purposes, to the over- 
coming of resistances and to the evolution of heat. 


In a second series of observations | also attempted to determine 
directly the amount of heat that is given off. The principle, that 
underlay these determinations, was briefly as follows: air, saturated 
with water-vapour, which had been brought to a constant known 
temperature, was passed over germinating wheat-grains at a constant 
velocity ; these acted as a continuous source of heat; the air which 
passed over it therefore rose in temperature. 

If the difference of temperature between the air streaming in and 
out were measured, when the latter passed at a known rate, then 
in the ideal case when absolutely no other heat conduction took 
place, the amount of heat set free could be calculated from the 
known heat-capacity of the air. Moreover for this the space in which 
the seedlings were placed would have to be completely saturated with 
water-vapour ; if this were not so, evaporation would take place on 
germination, in which way heat would be withdrawn from the 
observation. 

The apparatus with which | conducted these experiments consisted 
of a copper vessel placed in a waterbath of constant temperature. 
Through this copper vessel, in which a large number of germinating 
wheat-grains were placed, a current of air was directed at the rate 
of 3 litres per hour; the air had had for a large part of its course an 
opportunity to take up the constant temperature of the water. A set 
of thermal needles served to measure the difference between the tem- 
peratures of the air entering and leaving; the current resulting 
from this difference in temperature was led through a very sensitive: 
mirror-galvanometer, whilst a spot of light was thrown by the mirror 
on a scale and so made it possible to compare accurately the deflections, 

The apparatus was for the most part composed of materials which 

5 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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conduct heat very easily, thus making the ideal case described above 
very far from being realised. 

If a source of heat were introduced into the vessel while a regu- 
lated stream of air was passed through, only a part of the heat 
liberated could be used to raise the air-temperature ; the remainder 
would pass into the surrounding water by conduction. 

It was to be expected that, when a definite source of heat was 
present, a maximum difference of temperature between the in- and 
out-streaming air would arise after some time; with the given rate 
of passage of the air this difference of temperature caused by this 
source of heat, could not become greater. A calculation as to how 
great this maximum difference of temperature would be for different 
amounts of heat, would be very complicated, if not entirely impos- 
sible. For this reason the simplest way was to calibrate the apparatus 
by introducing a source of heat of known magnitude. For this 
purpose a manganin-wire was placed inside the apparatus over as 
wide an extent as possible, in the place where later the germinating 
wheat-grains were to be put. This wire formed a metallic contact 
with two copper rods which projected above the lid of the appara- 
tus. An electric current could be passed through the manganin-wire 
by connecting these rods with the two poles of an accumulator. 
The resistance of the manganin-wire was accurately determined, whilst 
a milliamperemeter, placed in the circwt, served to measure the 
strength of the current. By taking the current from 1, 2, and 3 
accumulators alternately, sources of heat of different magnitude could 
be introduced into the apparatus. 

When in this way a source of heat of known magnitude occupied 
the apparatus, air was passed through and at regular intervals the 
(double) deflection of the spot of light on the scale was read till 
this ultimately remained constant and therefore had reached a 
maximum. ‘These observations were conducted at temperatures of 
20°, 30°, and 40° of the surrounding water, and also therefore of 
the entering air. 

These calibration-experiments showed: 1st that the maximum 
deflection of the spot of light, or in other words the difference of 
temperature between the in- and out-going air was roughly in 
proportion to the source of heat which was placed in the apparatus, 
2d that this proportionality was maintained at a surrounding 
temperature of 20°, 30°, and 40°, 3 that the absolute magnitude 
of the deflection was independent of this temperature, 4'", that a 
deviation of 4 centimetre corresponded to a development of about 
11.5 calories per hour. 
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| As the apparatus was now calibrated it was possible conversely, 
by reading the deflection of the spot of light, to calculate the 
magnitude of any source of heat, which was in the apparatus. For 
such an unknown source of heat germinating wheat-grains were 
used. (The number of these was always 500). 

In the course of the experiments however it became plain that 
in this ease the deflection of the light spot could not be looked 
upon as showing exclusively the heat-evolution which took place in 
germination. For when 500 germinated wheat-grains, which had 
previously been killed by heating to 100°, were placed in the 
apparatus, then it was seen that the spot of light inevitably 
passed the zero; in various experiments of this kind a deflection of 
about 8 centimeties was always found. 

In order to ascertain whether the dead seedlings did not after 
all give off some heat possibly as a result of a continued enzyme- 
action, the apparatus was filled by way of control with quantities 
of filterpaper previously soaked in water. In this case there could 
be no question of heat-evolution by the filterpaper. Also with this 
arrangement of the experiments the spot of light invariably passed 
the zero, reaching finally a maximum deflection corresponding to 
that obtained when dead seedlings were placed in the apparatus. 
The extent of this deflection was independent of the temperature of 
the surrounding water (fixed at 25° and 35°), in other words, with 
this arrangement of the experiment there arose always a constant 
difference of temperature between the in- and out-going current of air. 

Since in these cases no direct evolution of heat by means of the 
substances used was possible, another cause for the rise of temperature 
in the experiment described had to be found. The most probable 
thing was that condensation of water-vapour must have taken place 
in some way and that the heat thus set free caused an increase of 
temperature in the out-going air and in consequence of this of the 
upper thermal needle. In the calibration-experiments the spot of 
light had remained at zero when there was no heat-source in the 
apparatus; the difference in conditions then and during the experiments 
just described was, that the space within was in the latter case for 
a great part filled with a completely imbibed mass. 

The many efforts made to eliminate this irregularity were practically 
without results; I was therefore compelled, in experimenting with 
living seedlings, to adopt a correction, the amount of which was 
experimentally fixed while theoretically it had to be left partly 
unexplained. 

Since it was therefore found that by filling the apparatus with 
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very moist substances a difference in temperature between the two 
needles arose when the current of air passed through, it had to 
be assumed that this would be also the case when living seedlings 
were present. The deflection found in that case would have to be 
attributed partly to this physical cause, partly to generation of heat 
which actually took place in germination. It was therefore necessary 
to subtract from the deflection found in this arrangement the amount 
of deflection found in the experiments with dead seedlings, the 
remainder then ‘being the measure of the heat generated in germination. 
This latter was observed at different temperatures and in different 
stages of germination. In consequence of the complications mentioned 
higher up the sources of error were relatively very numerous and 
this was especially noticeable in the few parallel-determinations 
which were carried out, so that in the values summarized in the 
table below an approximation to the amounts of heat given off 
must be expected rather than an exact measure thereof. These 
influences are proportionately very large in the lower values. 


Number of calories given off per hour calculated per kilogram 
* of the initial weight. 


a | On the 2nd { On the 3rd | On the 4th | On the 5th | On- the 6th | On the 7th 
= day of day of day of | day of | day of day of 
- | germination | germination SUES SS germination | germination 
20° | 710 2143 | 2190 2869 
25° 363 540 2938 2977 4341 
3455 ° , 

30° 4999 6790 

6313 | 
35° 752 7326 | 1575 
40° 5689 | 6847 


It appeared therefore from the values found that the generation 
of heat on the 2rd and 3°¢ days was still small in comparison to 
that in later stages of germination. The generation of heat shows 
a great and sudden increase between the 3'¢- and 4'" day and it 
is probable that it continued to increase slowly during the following 
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days, but the relatively small differences from the 4 to the 7! day 
justify the calculation of an average for this period of germination. 


Number of calories given off per hour calculated per kilogram 


of the initial weight. 


Temp. 4th day | 5" day | 6th day | 7th day| Average 
20° 2143 2790 2869 2601 
25° 2938 2977 4341 | 3428 

3455 
30° 4999 6790 6034 
6313 | 
ab? | 7326 1515 | 7450 
40° | 5689 6847 | 6268 


The generation of heat, therefore, was much influenced by the 
surrounding temperature; by a rise of 10°, the quantity of heat 
evolved, increased to more than double. The generation of heat was 
diminished at 40°, a proof of the harmful influence of this temperature. 

Finally a comparison can be made between the number of calories 
pro kilogram of initial weight given off as heat and the loss of 
energy deduced from the heat of combustion. This comparison could 
only be made for a temperature of 20° because at this temperature 
germination had always taken place, so that the heat of combustion 
referred to processes at this temperature only. 

Loss of energy per hour per kilogram of the initial weight. 


At 20> | By heat given off | alculated from, th 
On the 2nd day 83 Cal. 
EE út of 710 Ca. 1411 „ 
een ARE 5 2143 „ ZBO 
hk Paras CORLEY yg 2190: 5 3833. ., 
» » 6th , | 4000 , 
Nen er Ep 2869 „ 1500 , 
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The total amount of chemical energy which was set free in 
germination was therefore always larger than the quantity of energy 
given off as heat to the surroundings. A part of the free energy 
which became available in the process of germination was therefore 
evidently used for other purposes (osmosis ete.) than for heat-evolu- 
tion only. 

This was however doubtful only on the second day, the evolution 
of heat on that day was not determined; the loss of energy, cal- 
culated from the heat of combustion, was however so small in this 
period that it is very possible that the evolution of heat at that 
moment was larger. If afterward it should appear that this is really 
the case, it would be very intelligible. For in the beginning of 
germination imbibition will principally take place so that in this 
case evolution of heat is not at all necessarily connected with chemical 
transformations. 

The results of this investigation may therefore be summarized 
as follows. 

The loss of energy calculated from the heat of combustion as 
well as the evolution of heat increase with the duration of germination, 

Both are small-at the beginning of germination and greatly increase, 
chiefly on the 3rd day. 

The evolution of heat is greatly dependent on the surrounding 
temperature. 

The optimum of heat-evolution is roughly 385°. 

The total loss of energy during germination at 20° exceeds the 
loss of energy by evolution of heat at the same temperature. 


Utrecht, 1914. Botanical Laboratory. 


Chemistry. — “Lquilibria in ternary systems XV”. By Prof. F. 
A. H. SCHREINFMAKERS. 


(Communicated in the meeting of April 24, 1914). 


In our previous considerations on saturationcurves under their own 
vapourpressure and on boilingpointeurves we have considered the 
general case that each on the three components is volatile and 
occurs consequently in the vapour. Now we shall assume that the 
vapour contains only one or two of the components. Although we 
may easily deduce all appearances occurring in this case from the 
general case, we shall yet examine some points more in detail. 


The vapour contains only one component. 

We assume that of the components A, B, and C the first two 
are extremely little volatile, so that practically we can say that the 
vapour consists only of C. This shall e.g. be the case when A and 
B are two salts and C a solvent, as water, alcohol, benzene, etc. 

Theoretically the vapour consists always of A+ B+C; the 
quantity of A and 4, however, is generally exceedingly small, 
compared with the quantity of C, so that the vapour consists prac- 
tically completely of C. 

When, however, we consider complexes in the immediate vicinity 
of the side AJ, circumstances change. A complex or a liquid 
situated on this side has viz. always a vapourpressure, although 
this is sometimes inmeasurably small; consequently there is also 
always a vapour, consisting only of A + B without C. When we 
take a complex in the immediate vicinity of the side AB, the 
quantity of C in the vapour is, therefore, yet also exceedingly small 
in comparison with the quantity of A + B. 

Considering equilibria, not situated in the vicinity of the side 
AB, we may, therefore, assume that the vapour consists only of C; 
when, however, these equilibria are situated in the immediate 
vicinity of the side AS, we must also take into consideration 
the volatility of A and B and we must consider the vapour as 
ternary. 

Considering only the occurrence of liquid and gas, as we have 
formerly seen, three regions may occur, viz. the gasregion, the 
liquid-region and the region L—G. This last region is separated from 
the liquid-region by the liquid-curve and from the vapour-region 
by the vapourcurve. 

As long as the liquid-curve is not situated in the immediate 
vicinity of AB, this last curve, as a definite vapour of the vapour- 
curve is in equilibrium with each liquid of the liquid-eurve, will 
be situated in the immediate vicinity of the anglepoint C. Therefore, 
the gas-region is exceedingly small and is reduced, just as the gas- 
curve, practically to the point C. Consequently we distinguish within 
the triangle practically only two regions, which are separated by the 
liquid-curve, viz. the liquid-region and the region L—G ; the first 
reaches to the side AB, the last to the anglepoint C. The conjugation- 
lines liquid-gas come together, therefore, practically all in the point C 

When, however, the liquid-curve comes in the immediate vicinity 
of the side AA, so that there are liquids which contain only exceed- 
ingly little C, then in the corresponding vapours the quantity of 
A and B will be large with respect to C. The vapour-curve will 
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then also be situated further from the anglepoint C and closer to 
the side AB, so that also the vapour region is large. At a sufficient 
decrease of pressure or increase of temperature, the vapour-region 
shall even cover the whole components-triangle. Consequently it is 
absolutely necessary that we must distinguish the three regions, of 
which the movement, occurrence, and disappearance were already 
formerly treated. 


When the equilibrium “+ 1+ G occurs, we may now deduce 
this in the same way as it was done formerly for a ternary vapour. 

a) The solid substance is a ternary compound or a binary com- 
pound, which contains the volatile component C. 

For fixing the ideas we shall assume that in the triangle ABC 
of fig. 1 which is partly drawn, the point C represents water, /’an 
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aqueous doublesalt, /” and #” binary hydrates. In accordance with 
our previous general deductions we now find the following. 

The saturationeurves under their own vapour-pressure are circum- 
or exphased at temperatures below 7, (7's = minimum meltingpoint 
of the solid substance under consideration). The corresponding vapour- 
curves are reduced to the point C. When these substances melt with 
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PINS 


Cry 4 ZAR 2 H’ Das Te 
Fig. 1, 


increase of volume, the points H, H’ and //' are situated with 
respect to FV, #” and F'" as in fig. 1; when they melt with decrease 
of volume, these points are situated on the other side, 
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In fig. 1 different saturationcurves are completely or partly drawn ; 
the pressure increases along them in the direction of the arrows. 
Further it is apparent that along the saturationcurve of the pressure 
is maximum or minimum in its points of intersection with the line 
CF; the point of maximumpressure is situated closest to C. On 
the curve bcdihg of fig. 1, which is only partly drawn, e is, 
therefore, a point of maximum-, A a point of minimumpressure. 

The pressure along a saturationcurve of the binary hydrate 4” 
(or F'") is highest in the one and lowest in the other end, without 
being however in these terminating points maximum or minimum. 
On the curve abgf of fig. 1 which is only partly drawn, the 
pressure in a is the highest and in f the lowest. 

This is also in accordance with the rule, formerly deduced, that 
the pressure is maximum or minimum, when the phases #, 4, and G 
are situated on a straight line, but that this is no more the case 
when this line coincides with a side of the triangle. 

As the vapour has always the composition C here the point of 
maximum- and that of minimumpressure of the saturationcurve of /’ 
are, therefore, always situated on the line CF’; the saturationcurves 
of #” and F'" can, however, not have a point of maximum- or 
minimum-pressure. 

As we may obtain all solutions of the line Ch (CB and CA) 
by adding water to / (f” and F'") or removing water from # (/” 
and #'"), we shall call the solutions of Ch (CB and .C A) pure 
solutions of F (#’ and F"). Further we call the solutions of C H 
(CH’ and CH") rich in water and those of Hh (H'B and A'A) 
solutions poor in water. Consequently in fig. 1 a, ¢ and e represent 
pure solutions rich in water and f, kh and & pure solutions poor in 
water. We may express now the above in the following way : 

Of all solutions saturated at constant 7’ with a binary or ternary 
hydrate, the pure solution rich in water has the greatest and the 
pure solution poor in water the lowest vapourpressure. Therefore, 
the pressure increases along the saturationcurve from the pure solution 
poor in water towards the pure solution rich in water. When the 
solid substance is a ternary hydrate, the highest pressure is at the 
same time a maximum- and the lowest pressure also a minimum 


pressure. 
We see that this is in accordance with the direction of the arrows 
in fig. 1. 


Db) The solid substance is the component A or B ora binary com- 
pound of A and 5; therefore, it does not contain the volatile com- 
ponent C, 
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In fig. 2 some saturationcurves under their own vapourpressure 
of A (ak, blem,on) and of B (hi,gl, fm, pn) are completely or 
partly drawn. When in one of the binary systems, e.g. in CB, there 
exists a point of maximumtemperature MH’, then also there occur 
saturationcurves as the .dotted curve qr. As long as we consider 
solutions, not situated in the vicinity of A B, the vapour region is 
represented by point C. When we consider, however, also solutions 
in the vicinity of A B, the vapour region expands over the triangle. 
-Consequently, when we de- 
duce the  saturationcurves 
under their own vapour-pres- 
sure, assuming that the 
vapour is represented by C, 
we may do this only for 
solutions, not situated in the 
vicinity of AB. For points 
of the curves in the vicinity 
of AB we take the case, 
treated already in communi- 
cation XIII that fhe vapour 

Fig. 2. is ternary. The same applies, 
as H’ is situated in the vicinity of B, also to the curves in the 
vicinity of H’. 

If follows from the deduction of the saturationcurves that the 
pressure, e.g. along af, continues to decrease from a; only in the 
vicinity of 2, a point of minimumpressure may perhaps be situated, 
As the pressure in 4 and consequently also in the minimum possibly 
occurring is exceedingly small and practically zero, we can say: 
along tue saturationcurve of a component the pressure increases 
from the solution free from water (4) towards the pure solution (a). 
The pressure of the solution free from water is practically zero. 

Let us now take a binary compound of A and 5 (for instance 
an anhydrie double-salt); it may be imagined in fig. 2 to be repre- 
sented by a point #’ on AB. When we leave out of account satura- 
tioncurves in the vicinity of #, we may say that the saturation- 
curves under their own vapourpressure have two terminatingpoints, 
both situated on AB. As the pressure is again very small in both 
the terminatingpoints, it follows: along the saturationcurve of an 
anhydrie double-salt, the pressure increases from can of the solutions 


free from water towards the pure solution. 
c) The solid substance contains the volatile component C' only. 
This is for instance the case when an aqueous solution of two 
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salts is in equilibrium with ice; the saturation- or icecurve under 
its Own vapourpressure has then, as curve ed in fig. 2, one ter- 
minatingpoint on C A and one on CB. We find further: along an 
icecurve under its own vapourpressure the pressure is the same in 
all points and it is equal to the pressure of sublimation of the ice. 


We may deduce the previons results also in the following way. 
As the vapour consists only of C, we equate; in order to find the 
conditions of equilibrium for the system + L +4 G in (1) (II) 
rand, y=." Wes then* find : 
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For the saturationcurve of / under its own vapourpressure we 
find: 


(ery she Bs ybdjm= sG nnn ne (2 
(ar+ @s)\da+t(as+B)dy=—(A+OdP . . (3) 
which relations follow also immediately from 8 (IL) and 9 (II). In 


order that the pressure in a point of this curve should be maximum 
or minimum, dP must be =0. This can be the case only, when 
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This means that the liquid is situated in the point of intersection 
of the curve with the line CF’, consequently, that the liquid is a pure 
solution of /. Consequently we find: along a saturationcurve under 
its Own vapourpressure of a ternary substance, the pressure is 
maximum or minimum in the pure solutions. 
In order to examine for which of the two pure solutions the 
pressure is maximum and for which it is minimum, we add to the 
first part of (2) still the expressions: 


“a Or ds EY OF Nene 1 ds dt 8 
9 (- + EE +Yy ze) le (sne Ed, 7 ay + 5 ( Lv Be +y ma 


and to the first term of (3): 
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Now we subtract (2) from (3), after that (2) is multiplied by « and 
(3) by x. Substituting further their values for A and C, we find: 


1 
= a (rdz* + 2sdedy + tdy’) = [(e«—a) V, + a V—avjdP. . (5) 


Representing the change of volume, when one quantity of vapour 
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arises at the reaction between the phases fF, L and G, by AV, 
(5) passes into: 


1 
za (rde? + 2sdady + tdy?)—=(«—a) AV, XK dP. ..._ (6) 


Let us consider now in fig. 1 the pure solutions of /’, therefore 
the solutions of the line Ch. For points between Cand F «—a<0, 
for the other points « —«@> 0. Considering only the solutions of 
the line Ch, we can consider the system “+ L + G as binary. 
Imagining a P,7-diagram of this system, //is the‚point of maximum- 
temperature. From this it is apparent that AV, is negative between 
H and F’, positive in the other points of the line Ch. From this it 
follows: . 

(e—a) AV, is negative in points between C and H, therefore for 

the solutions of / rich in water. 
a) QV, is positive in the other points of this line, therefore, 
for the solutions of / poor in water. 

The same applies also when the point // is situated on the other 

side of #. 

Let us take now a pure solution rich in water of F, for instance 
solution c of the fig. 1; as the first term of (6) is positive and 
a) AV, is negative, it follows: JP is negative. This means that 
the pressure is a maximum in ¢. 

When we take a pure solution poor in water of F, for instance 
solution k of figure 1, (e—a)AV, is positive, therefore, the pressure 
is a minimum in A. 
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In accordance with the previous considerations, we find, there- 
fore, that the pressure along the saturationcurve of a ternary com- 
pound is a minimum for the pure solution poor in water and a 
maximum for the pure solution rich in water. 

When the solid substance is a binary compound, as /” in fig. 1 
or 3, we must equate «a =0. (Of course ? =O for the compound 
Ff"). (2) and (38) pass now into: 


(ur + ys) de + (as + y)dy=—CdP 2... 
Bsda.-+ pidy = MACY 5 Ht CE 

From this we find: 
Bu (rt —s*) da = [(ws + y)(A + CO) —BOAP . . . (9) 


From this it is apparent that dP can never be zero or in other 
words: on the saturationcurve of a binary hydrate never a point of 
maximum- or of minimumpressure can occur. 

In the terminatingpoint of+a saturationcurve on BCe =O; as 
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Limr=—, while ¢ and s remain finite, it follows, when we 
L 
replace also A and C by their values: 
8.RT .de=[(y —B)V, HBV —yoldP. . . . (10) 


Representing by AV, the change of volume, when one quantity 
of vapour arises at the reaction between the three phases (/”, L 
and G), (10) passes into: 

pied dies (iy — B) LV cdi, spate evar. CQ bey 

For solutions between C and PF” is y—B< 0, between /” and 
B is w —g8 0. Imagining a P,7-diagram of the binary system 
FY +L+4G, H’ is the point of maximum temperature; AV, is 
consequently negative between H’ and /”, positive in the other 
points of CB. From this it follows: (y — 9) A JV, is negative in points 
between C and /7/’, therefore, for the solutions rich in water; (y—®) 
AV, is posittve in points between //’ and B, therefore for the 
solutions of #” poor in water. 

From (11) it now follows: dP is negative for liquids on CH’, 
positive for liquids on /7/’4. In accordance with our former results 
consequently we find: along the saturationcurve of a binary hydrate 
the pressure increases from the pure solution poor in water towards 
the pure solution rich in water. 

When # is one of the components, which are not volatile, e.g. 
B in fig. 2, then a=0 and 3=1. From (11) then follows: 

Wd == = LAS Vie Ne dk Ve Sea) 

We now imagine a P,7-diagram of the binary system B+ LG; 
this may have either a point of maximumtemperature H’ in the 
vicinity of the point B or not. When a similar point does not exist, 
AV, is always positive; when a similar point does exist, AV, is 
positive between C' and MH’, negative between H’ and B. As we 
leave, however, here out of account points, situated in the vicinity 
of B, AV, is positive. As y —1 is always negative, it follows 
from (12) that dP is negative. In accordance with our former results 
we find therefore: along the saturationcurve of a component the 
pressure decreases from the pure solution towards the solution free 
from water. 

When F is the volatile component, as for instance in the equili- 
brium ice + L+G, then « =0 and 8=0. The second of the con- 
ditions, of equilibrium (1) passes now into: Z =. This means that 
not a whole series of pressures belongs to a given temperature, but 
only one definite pressure, viz. the pressure of sublimation of the 
ice. Therefore we find again: along an icecurve under its own 
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vapour pressure the pressure is the same in all points and equal to 
the pressure of sublimation of the ice. 


Now we shall consider the boilingpointeurves; in general the 
same applies to them as to the saturationenrves under their own 
vapourpressure, which we have considered above. 

Now we assume that the curves in fig. 1 represent boilingpoint- 
curves; the point MZ no longer represents a point of maximum 
temperature, but a point of maximum pressure; consequently if is 
always situated between C and #5 This point of maximumpressure 
H is always situated closer to C' than the point of maximum tem- 
perature //; the same applies to the points H’ and H" in the figs. 
2 and 3. Wishing to indicate by arrows the direction in which the 
temperature increases, we must give the opposite direction to the 
arrows in the figs. 1—3. 

We saw before that on the side CB of fig. 2 a point of maxi- 
mumtemperature A/’ may either occur or not; on this side, however, 
always a point of maximumpressure is situated. The same applies 
to the side CA. We now find the following. 

a) of all solutions saturated under constant P with a binary or 
ternary hydrate, the pure solution rich in water has the lowest — 
and the pure solution poor in water the highest boilingpoint. There- 
fore, the boilingpoint increases along the boilingpointeurve from the 
pure solution rich in water towards the pure solution poor in water. 
When the solid substance is a ternary hydrate, the highest boiling- 
point is at the same time a maximum- and the lowest at the same 
time a minimumboilingpoint. 

6) along the boilingpointeurve of a component or of an anhydric 
double-salt the boilingpoint increases from the pure solution. When 
the solid substance is an anhydrie double-salt, the boilingpoint of 
the pure solution is at the same time a minimum. 

c) along the curve of the solutions saturated with ice under a 
constant pressure the boilingpoint is the same in all the points and 
it is equal to the sublimationpoint of the ice. 

The icecurve under its own vapourpressure of the temperature 
T and the boilingpointeurve of the ice under the pressure P coincide, 
therefore, when / is the pressure of sublimation of the ice at the 
temperature 7. 

The following is amongst others apparent from what precedes. 
We take a pure solution of a solid substance (component, binary or 
ternary compound). Through this solution pass a saturationcurve 
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under its own vapourpressure and a boilingpointcurve. Generally we 
now have: when the vapour pressure at a constant 7’ decreases (or 
increases) from the pure solution, the boilingpoint under a constant 
P will increase (or decrease). | 

This, however, is no more the case for solutions between the 
point of maximumpressure and the point of maximumtemperature. 
The point of maximumpressure is situated viz. closer to the point 
C than the point of maximumtemperature. When we take a solution 
between these points, it is a solution rich in water with respect to 
the saturationcurve under its own vapourpressure, a solution poor 
in water, however, with respect to the boilingpointcurve. Consequently 
as well the pressure along the saturationeurve as the temperature 
along the boilingpointcurve will decrease from this solution. 

We may express the foregoing also in the following way: the 
vapourpressure (at constant 7’) and the boilingpoint (under constant 
P) change from a pure solution generally in opposite directions. 
When, however, the pure solution is situated between the point of 
maximumpressure and the point of maximumtemperature, then as 
well the vapourpressure as the boilingpoint decrease from this solution. 


Formerly we have already considered the saturationcurve under 
its OWn vapourpressure of two solid substances (viz. the equilibrium 
F4 Ik’ + LG); now we shall discuss some points more in detail. 
It should be kept in mind in this case that all deductions apply 
also now to points, which are not situated in the vicinity of AL. 
The deductions discussed already formerly apply to points in the 
vicinity of this line. 

Let us take the solution m of fig. 2 saturated with A + B, ihere- 
fore, the equilibrium A + B + L,,-+ G. As the pressure increases 
from m towards e and towards f, we may say: the solution saturated 
with two components has a smaller vapourpressure than the pure 
solution of each of the components separately. 

When we consider the solution p of fig. 2 saturated with ice HA 
and when we imagine curve np to be extended up to CA, it appears: 
the solution saturated with ice + A has a greater vapourpressure 
than the solution saturated with A + # and a smaller vapourpressure 
than the metastable pure solution of A. 

In the previous communication we have already discussed the 
curves zu, 2v,and zw; eu represents the solutions of the equilibrium 
A+ BH LG, zw those of the equilibrium ice + A+ LH G 
and zv these of the equilibrium vce + 6+ 14+ G, w and v are 
binary, < is the ternary eryohydrie point under its own vapourpressure. 
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Let us now contemplate the solution m of fig. 3 saturated with 


the hydrates + /”; it is apparent from the figure that solution nm 
has a smaller vapourpressure than / or n. When we take however 


Cw A zr ar C 


the solution 4, saturated with these hydrates, this has a larger 
apourpressure than the solutions « and c. 

Curve pq represents the solutions of the equilibrium + A”-+ LG; 
point H is the point of maximumtemperature of this curve. In 
accordance with our previous definitions we eall the liquids of branch 
pH rich in water and those of branch Hq poor in water. We then 
may express what precedes in this way: 

the solution saturated with two components or with their hydrates 
has in the region rich in water always a smaller vapourpressure, 
in «he region poor in water always a greater vapourpressure than 
the pure solution of each of the substances separately. 

Let us now take a liquid saturated with a double salt and one 
of its limit-substances. [In fig. 1 the series of solutions saturated 
with F' of eurve bed is limited in 6 by the occurrence of /” and 
in d by the occurrence of /'". Therefore we shall call _#” and Paks 
the limit-substances of the double-salt 4]. Curve po represents the 
solutions of the equilibrium /’-+ #” + L- G, curve og those of 
the equilibrium, #” + F4 LG and curve of those of the equili- 
brium FP" +F+4+L2+G. M and M’ are points of maximum- 
temperature of these curves. In accordance with previous definitions 
we call solutions of oM and od’ rich in water and those of Mg 
and J/’: poor in water. 


81 


The following is apparent from the direction of the arrows in 
Ng 

a. In the region of the liquids rich in water. When a doublesalt 
is soluble in water without decomposition, the solution saturated 
with this double-salt and with one of its limit-substances has a 
smaller vapourpressure than the pure solution of the doublesalt and 
also than that of the limit-substance. 

When a double-salt is decomposed by water, the solution saturated 
with this double-salt and one of its limit-substances has a smaller 
vapour pressure than the pure solution of the limit-substance. The 
solution saturated with double-salt and with the limit-substanee, which 
is not separated, has a smaller vapour-pressure than the solution, 
saturated with double-salt and with the limit-substanee, which is 
separated. 

6. In the region of the liquids poor in water the opposite takes 
place. 


As a special case a liquid can be saturated with two substances 
of such a composition, that one of these may be formed from the other 
by addition of water. They are 
represented then by two points / 
and /”, which are situated with C 
on a straight line. In fig. 4 this line 
CH does not coineide with one 
side of the triangle. In this figure 
aecf is a saturationcurve under 
its own vapourpressure of /’, curve 
bedf one of #’; the arrows 
indicate the direction, in which 


the pressure increases. Both the 

Fig. 4. curves can be circum- or exphased 
and they either intersect or they do not. In fig. 4 they intersect 
in e and f, so that the equilibria “+ #” + Le + G and 
EF + Lp G oceur. Now we can prove that the vapour 
pressure of those two equilibria is the same, therefore Leet 
When we remove viz. the liquid from both the equilibria, we retain 
FHH’ + G. As between these three phases the reaction FF’ +G 
is possible, we can consider /" + /#” + G as a binary system. We 
then have two components in three phases, so that the equilibrium 
is monovariant. At each temperature /’-+ +” + G has, therefore, 
only one definite vapourpressure, from which immediately follows: 
Detd. 

6 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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Curve gehfk in fig. 4 indicates the solution of the equilibrium 
F4+tF+£+G; when in a P, T-diagram we draw the curve 
F+ fF’ +G (consequently the curve of inversion F2 /” -+ G) and 
curve F4 HF’ + L+G, then they coincide. 

In fig. 5 the line CFF’ coincides with the side BC of the triangle ; 
we assume viz. that the component B and its hydrate / occur as 
solid substances; further we have also assumed that the component 
A occurs as solid substance. The curves be, fy and tk are saturation- 
curves under their own vapourpressure of A, zh and ef of B, ab 
and de of the hydrate /’; the arrows indicate again the direction 
in which the pressure increases. 

[t is apparent trom the figure that vz represents the solutions of 
the equilibrium A+ F4 LG, zw those of A+ BLG 

B and zu those of B+ F4L-+4G. 
Consequently in z the invariant equili- 
w brium A+ B FHL 64 occurs. 
Curve zw terminates on side BC in 
the quadruplepoint « with the phases 
B+ F4 LH G of the binary system 
CB. When we remove the liquid L, 
from the equilibrium B+F+L4,+G 


occurring at the temperature 7, and 


C 7 ze A underthe pressure Pe, we retain the mono- 
(w) o variant binary equilibrium B+/-+G. 
Fig. 5. When we draw in a P,7-diagram the 


curve BELG (therefore the curve of inversion / 2 BG) and 
curve H+ F+L+G, these two curves coincide. We can say, 
therefore : 

the vapourpressure of a solution, saturated with a component and 
with its hydrate, is equal to the pressure of inversion of the hydrate 
(the pressure of the reaction “= B G). 

From the direction of the arrow on de it follows that the pressure 
in e is smaller than in d. We can say, therefore : 

the solution saturated with a component and with one of its 
hydrates has a lower pressure than the pure solution of the hydrate. 

The same considerations apply also when two hydrates of a same 
component occur. 


We may summarise the previous results in the following way. 
Through each solntion saturated with two solid substances go two 
saturationcurves; when we limit ourselves to the stable parts of 
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these curves, we may say that two saturationcurves proceed from 
such a solution. Then we may say : 

1. The two solid substances are situated in opposition with respect 
to the line LG. 

a. The solution saturated with these substances is rich in water. 

The pressure increases from this solution along the two satura- 
tioncurves. 

6. The solution saturated with these substances is poor in water. 
The pressure decreases from this solution along the two saturation- 
curves. 

2. The two solid substances are situated in conjunction with 
respect to the line LG. 

a. The solution saturated with these substances is rich in water. 

The pressure decreases from this solution along the saturation- 
curve of that solid substance which is situated closest to the 
line LG; the pressure increases along the other saturationcurve. 

b. The solution saturated with these substances is poor in water. 

The same as sub 27.; we must take however the changes of 
pressure in opposite direction. 

3. The two solid substances are situated on a straight line with 
the vapour. 

The pressure increases from the solution saturated with these sub- 
stances along the saturationcurve of the substance with the largest 
amount of water, it decreases along the saturationcurve of the sub- 
stance with the smailest amount of water. 

We find examples of 1¢ in the equilibria : ' 

P+R+AMAG (fig. 1), FE HLC (fig. 1), A+B+L,+6 
(figs. 1 and 2), WAF" HL HG (tig. 3), 44+B+,+G (fig. 5) and 
FAA+L/+G (fig. 5). 

We find examples of 1% in the equilibria: /+-/”+L,+G (tig. 
1), PEHL HG (fig. 2) and /’+F"+/,+G (fig. 3). 

An example of 2¢ is found in the equilibrium /’-+ /’-+ LG (tig. 1). 

We find examples of 3 in the equilibria: /+/”+L,+G' (fig. 4), 
FE’ +LLA+G (fig. 4) and A+#F+L,4 G4 (fig. 5). 


We may deduce the above-mentioned rules also in the following 
way. We shall viz., while the temperature remains constant, change 
the volume of the system JH /” + LG, so that a reaction 
takes place between the phases and there remains at last a three- 
phase-equilibrium. As this reaction is determined by the position of 
the four points with respect to one another, we may immediately 
distinguish the above-mentioned cases 1, 2, and 3. When we eall 

6* 
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the change of volume, when one quantity of vapour is formed at the 
reaction, AV,, then SV, is always positive, except when the 
liquid is represented by a point of the fourphase-curve between the 
point of maximumtemperature and the intersectingpoint of this curve 
with the line #’#”. When we now apply the rule: “the equilibria, 
“which arise at increase (decrease) of volume, are stable under lower 
(higher) pressure’, we may easily refind the above-mentioned rules. 

When we take as an example fig. 3 in which the case sub 1 
occurs, the equilibrium /” + F" + L + G is represented by curve 
pq, Which intersects the line 4” /'" in JS; H is the point of maximum- 
temperature of this curve. Consequently AV” is positive on pH and 
Sq, negative on MS; the solutions of pH are rich in water, those 
of Hg poor in water. When we take a liquid rich in water, the 
reaction is: 

EP et ASU: 
a Ee 
EHL HG | FE HG. 
EN EN 

As the reaction proceeds from left to right with increase of volume 
(AV, >0), the equilibrium to the right of the vertical line occurs 
on decrease of pressure and the equilibria to the left of the vertical 
line occur on increase of pressure. Therefore, from each point of 
branch pQ the equilibria /”+ L + G and #"+ L + G proceed 
towards higher pressures; consequently we find the rule 17. 

When we take a liquid poor in water, this is situated on HS or 
on Sq. When it is situated on ZS, the above-mentioned reaction 
applies also, but AV,< 0. Therefore, from each point of branch 
HS the equilibria #’ + L + G and #"+ L + G proceed towards 
lower pressùres; this is in accordance with rule 1%. 

When we take a solution of branch Sq, the reaction is: 

P+ Fr’ SLs+e. AV,>0. 
FHL | FF AL+AG 
FRAG) F+ALAG 

As the reaction proceeds from left to right with increase of volume 
the equilibria to the right of the line occur with increase of volume. 
‘In accordance with rule 1° we find, therefore, that the equilibria 
F+ LG and F"+ LG proceed from each point of the 
branch Sq towards lower pressures. 

Now we have deduced the rules 1% and 1’ assuming that point H 
is situated on branch pS; we may act in a similar way when point 
H is situated on branch gS. In a similar way we can also deduce 
the rules 2 and 3. 
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Considering, instead of the saturationcurves the boiling point 
curves, the same applies to these in general. We must then replace 
on the fourphase-curve the point of maximumtemperature by the 
point of maximum pressure. In fig. 3 besides the point of maximum- 
temperature //, also the point of maximum-pressure Q is drawn. 
We imagine further that the saturationcurves are repiaced in the 
diagrams by boilingpointeurves. We then refind the rules 1, 2, and 
3, with this difference, however, that increase of pressure must be 
replaced by decrease of the boilingpoint and decrease of pressure by 
increase of the boilingpoint. 

From each point of the four-phase curve proceed two saturation- 
curves and two boilingpointeurves. When this solution is to be 
considered as rich in water or as poor in water with respect to the 
saturationcurves, it is also the same with respect to the boiling- 
pointeurves. Only the solutions between the point of maximum- 
pressure and the point of maximumtemperature make an exception; 
these are rich in water when we consider the saturationcurves, 
poor in water when we consider the boilingpointeurves. Now we 
find: from a solution saturated with two solid substances the vapour- 
pressure (along one of the saturationcurves) and the boilingpoint 
(along the corresponding boilingpointcurve) change generally in 
opposite direction. When, however, this solution is situated between 
the point of maximumpressure and the point of maximumtemperature, 
vapourpressure and boilingpoint change in the same direction. 


(To be continued). 


Physics. — “On the thermodynamic potential as a kinetic quantity”. 
(First part. By Dr. H. Huusnor. (Communicated by Prof. 
J. D. van DER WAALS). 


(Communicated in the meeting of April 24, 1914). 


In a communication published in These Proc. IL p. 389 of Jan. 
27 1900") it has been set forth by me that in the capillary layer 
the molecular pressure must have a different value in different 
directions as a direct consequence of the attraction of the particles, 
whereas the thermic pressure {the sum of the molecular and the 


1) I expressly call attention to this date, because some time after, this subject 
was treated in the same way by a writer who had informed me of his own 
accord that he was going to publish an article on this subject in the Zeitschrift 
fiir phys. Chemie, and that he should of course, cite my paper there, but who 
has failed to do so. 
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internal pressure) must be the same in all directions. Hence a 
condition occurs in the capillary layer in which the external pressure 
in the direction of this layer p, has a quite different value from the 
pressure normal to this layer p, ie. the pressure in the homogeneous 
vapour and liquid phases. In the surface a tension appeared to exist: 


fo —p.)dh. 


The molecular pressure could be easily defined so that the surface 
tension was in agreement with the capillary energy determined by 
Prof. van DER Waats by a thermodynamic way: 


. 


fee —T 4 + p‚v—ull)dh, 


1 
in which p= — and v is the volume for a molecular quantity of 
Vv 
MM grams and 
e—C—ag—~—~— + -~. 


The two integrals, which must be extended over the full height 
of the transition layer, are equal, and this is also the case with two 
corresponding elements so that: 

ole Tin + pv ul) =p, Pp: 
from which immediately follows 
e—T 4 + pv = wl. 

As p,, the pressure in the direction of the capillary layer, has 
the same value in the homogeneous vapour and liquid phases as 
p,, it holds for the quantity 

e— Tin + Pov 
that #% has a constant value both in the homogeneous vapour and 
liquid phase and in the capillary layer. This property leads us at 
once to expect that it will play an important part especially for 
kinetic considerations, and that it will express that the number of 
particles that two arbitrary phases will exchange in the same time, 
will be equally great. It will, in fact appear that this quantity 
makes the capillary layer accessible for the considerations developed 
by Prof. vaN per Waars in his paper on the kinetic significance of 
the thermodynamical potential. Assuming that really in the direction 
of the capillary layer the pressure p, is different from the pressure 
p, and besides entirely different in different layers, the neglect of 
this circumstance will make it impossible to derive the thermodynamic 
conditions of equilibrium for the capillary layer from kinetic con- 
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siderations. A partiele, namely, that begins a new path at some 
place, is subjected to the influence of the pressure p, prevailing 
there, and in the layer, where it terminates this path, it is subjected 
to the in general entirely different pressure p, of this layer. 

Van DER WAALS’ first equation runs: 
smNu,? + pr, —= = 4mNu',? + pr, — +a gate A (1') 


1 Uy 


a a 
The expression pv, — — — G Sed is for a monatomie fluid the 
v v, 


2 

heat of evaporation for the molecular weight, e, + pv, —(«, + pr,). 
We shall now have to apply a modification to this equation, when 
the layers between which the interchange of particles takes place, 
are taken in the capillary layer. Here we shall have, as it were, 
an evaporation from a space under the pressure p, towards a space 
under the pressure p’,, and a condensation in opposed direction. 
Hence our first equation becomes: 


aid ,,2 =P pv —ag' ara zi EE) 


/ 
Do 
= 
bo 
role 


The equation which expresses that for a stationary state a group 
of particles from one layer will be replaced by a group of particles 
from the other layer becomes just as vAN DER WaaLs puts: 


2 re 
Un Un 


1 a? 1 ay 
the Us thins 


e 
v—b v —b 


Now from (1) follows: 


En Oy, rn Oe a 


and our second relation becomes therefore : 


i un 
a en: Ei (2) 
v—b Macey | , ed 
hence : 
ane +. Ge a@ c, d’Q 
Be v—b ke Em Nu, — im Nu En (« ay 2 dh? joren (rid, dh? ) 
“vb tmNa? MRT 
or 
ahh TOUR Tlog(v-b) +p,v=-a te ver "log(v'-b) +p’, =Mu (3) 
Rak oe ; 88 ale 2 


or 


88 
s Ty tppse nep gn ee ae 
The validity of the relations (2) and (5) may be established by 


means of BoLTZMANN’s equation modified by van DER WAALS 


M ((Xde + Ydy +Zde) 
1 VA A ete Se 


EE MRT 


in which Mf(Xde + Ydy + Zdz) represents the work done on the 
molecular quantity on transition from a layer with density — to a 
U 


1 
layer with density —. 
Ú 


When in a point of the capillary layer at A the energy with 
omission of the constant amounts to 


esd'o c¢, d*o 
— ao— — — 
“SB dh? >-ALdh 


the molecular pressure in this point in the direction of the layer 


| any EK: Beek d‘o i 
can pe represente DY — OE = ag j E: Oo : S 
P br regs oan | 47 an! 
c, d? 
Ps + a9? + Or: (enz.) =p + a9", 
adh 


in which p represents the pressure belonging to the homogeneous 
phase of the density 9, we have 


; c, dQ 
And 2 
If we substitute p, from this relation in (3), the latter passes into : 
do 
— ay —¢, i — MRT log (v — 6) + pv=uM. 


This equation, which we have derived by the aid of kinetic con- 
siderations, is the condition of equilibrium, at which Prof. vAN DER 
Waats arrives in his “Thermodynamical theory of capillarity”. 

Following in Prof. van per Waats’s steps, Dr. A. van ELpik has 
given a thermodynamic theory of the capillarity for a mixture of two 
substances. By applying that the total free energy must be a minimum 


for all variations of @ and 2, which satisfy fi ox dh = constant and 


a7 


fe (1 — x) dh = constant, he found for the variation with respect to @ 
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: MOP Polle) d'or 
De 2) — ie — tg (la EN a Blake En 
0 dh dh 
d'e(l-e) Mow 
C1, © See ns WPT 


In this /(oz) is the free energy of a homogeneous phase with 
the « and o@ existing in kh, and hence 


— MRT log (vba) — = + MRT (1e) log (1—e) + a log a}. 
VU 


of 
Dn Oe 
aa 
The energy for M, grams of the first component amounts to 
d?¢(1—2) d'or 
é, = C,—2a,, o (l—2) —a,, Or — He, = Lice oir 


and for M, grams of the second component: 
dolle) | doa 


Wise ode 


é, = C, —a,,0(1—2) —a,,0%—}¢,, 


We get therefore for our equations (1) for the first component : 


” d'o(l—e) dg 
NO -—__-— }¢,, —~—= 
2 af 1, 0 (1-2) 11N 12N PAs Fe | dh? 2 dh? 

! Pea ! Cl a} 
JT d o'(1-2') d vt 
SS maNu nale) o'2'—he ~~ Oe or Glia) 
2 1 1, o'(1-2’) el ) 13N 21d dh? 2 dh? 1 
and for the other component: 
2 in 2 
1 Nu. ? 213 1-x U d o(1-«) eS eee 
bm, Nu, == —a,,0(l1-«) —a,, 0e — }¢,, 7 B Ona ja 
vr dh 
! gal ! + ee AP | 
x do (la d'or 
= PESTON ntt: ! a At 8 v 
= 4m, Nu ae Te, pe ea )—a,,912 — 5 Cio Jh Cy, dh? ES) 


In this a represents the partial pressure so that in the homogeneous 
phase ,7 is the partial pressure for the first component, and ‚a the 
partial pressure for the second component. ,7+,%—=~p. In the 
direction of the capillary layer these partial pressures are represented 
bres and. 2, SO> that Tad Ts =P: 

Tot en ‚ therefore, represents the work done 
o(l—wz) 1—«# 
on a quantity M/, of grams of the first component when it leaves the 
phase. The phase being composed of M, ({—a) + Mt grams in a volume 


The expression 


3 Vv 
v, M, grams of the first component will occupy a volume ae 
SS) 
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The equations (2) which express that for each of the components 
a group of particles from one phase is replaced by a group of 
particles from another phase, become for the first component: 


1 7, 2 i Deas 
ym, Nu, | gm, Nu 
l—a# tm, Na,' Ie, Ae mn Ne 
EN u, du, e 23 1 =— u, du’, e aed ir eee (2,) 
v—by n n v'— by! n n 1 
and for the second component: 
HL } 3 1 | NN | 
sm, Nu, bm, Nu 5 
et A poe et ee Wl 
wv 1 2 v iL 2 
Us du, 3m,Na,* — —u', du, € bm,Na,* (2) 
n— bz n 4 v— by n n 


Taking into consideration that tw, dui, == wi, dus, and ts, dus, == 
== 4fs di's,, and that dm »Ne7=+m, Na? = MRT, we may write 
for (2,) and (2,); 


yk in ee Tar 
eee ve at pm, Nu, | Lm, Nu ra 
log 


pas ze MRT 


Pi 
and 


2 


1 7. 3 $2 af ToL 
ee Ge tm, us, bm, Nu En 2 
log ! — ryy 

v el Py U AM ve (i 


from which then follows for the first component in connection with . 
(i )<and (15) 


ry (vb) Jt d'o(l-e) 
MRT log iit 4. aa aT ene LC. STER 
: dow by Be AG 
Bea a = — MRT log as ele) -a,,9 (la) apr — (3,) 
d?q'(1-z') do's! A v 
==. 2 Ca Teg —$%, par ue Ty, + 1%, er — u M, 
and for the second component : 
v-by Ns Poll-z 
— MRT log — Ee aed of) oar re el een 
if ou dh? 
doe r ; v'—by ae ! ! fs 
— 4¢,, ——=— MRT log —_— + | — 4120 (1-a') —a,,9'¢ — )-. (3,) 
dh? ap Ow 
d?9'(1-2') dg's! ; v 
B Cya” dh? 7 KT Pin Fn, + sta = Hell, - 


The expressions : 


v 
se, — Ty, + ‚a, == pM, Sandie. ie eee 


1-2 x 
have a constant value throughout the vessel. For every component 
they give us the thermodynamic potential in its kinetical signification. 


Jt 


When we now write the value of w.d/,(1—«)+u,Me, we tind 
for it, at the height of 4 with density g and concentration w 
— MRT log (v—b.) MRT \(1 - x) log (Lu) + « log #} + piv — azo — 


*e(1-a ”) d*ow i o(1 «) 
re dh? — $¢,, (1-2) dh? ¥ Ee EEN 
d'or 
ALT WAT TN uM,(l-e) + pW a; 
dh? 
for 
1 27: 
Sti if ee Psv. 
Q Q 


The pressure p, can be expelled from this relation when we 
consider that p, + M, (molecular pressure in the direction of the 


capillary layer) =p + are’, in which p represents the pressure 
belonging to an homogeneous phase of the same density and con- 
centration. In general M, = — 0 fer — C, (l-—e) — Ca} holds, in 


which é&, = ¢, (1—2) + ev, hence the energy for the quantity of the 
mixture M, d—«)-+ M,a. Now: 


Y d'oll—z) 
&, = C, (l—2) + Cw — azo — 3 ¢,, (1-—z) Lon 
d'or d?o(1—- 2) Mou 
Bee sare eee capes As 
hence : 
il ca d* 9(1-«) d'or 
PRE 5e (1-2) ET ET 7 bo, (1-< nea ae er en Finds 


If this value of p, is introduced, the found relation passes into 
— MRT log (v —b,) + MRT (1 —e)log (1—«) + a log a} + pv — azo — 


1 d’ 9( 1-2) (1 d'or ; _d’o(1-2) ox 
IS LETA TT CO Cg 


= u M, (le) + u‚M‚e. 
This relation, which we have derived by means of kinetic consider- 
ations only, is the first of the two conditions for the equilibrium 
determined by vaN Erpik by a thermodynamic way. 
For the two homogeneous phases, which are in equilibrium with 
each other, the following form holds: 
-—MRTlog(v-b,) + MRT}(1-2)log(1- x) + wloga} + pv-ayo=p, M,(1-«) Hu, Me 
or 
wy -+ pu = uM, (1—2) + u, Moe. 
As the kinetic theory teaches that the pressure in the two phases 
must be constant, it follows immediately from this tbat: 
WH (l—2)— ao) 


Eis 
v 
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Chemistry. — “On the behaviour of gels towards liquids and the 
vapours thereof.” IL. By Dr. L. K. Worrr and Dr. EH. i. 


Bicuner. (Communicated by Prof. A. F. HorLEMAN). 


(Communicated in the meeting of April 24, 1914). 


In continuing the experiments mentioned in our first communi- 
cation about this subject’), we hit upon two observations which 
have given us the key to the solution of the problem. Firstly it 
was found that, when leading saturated water vapour over gelatine 
which at the same temperature had swollen in water, the weight 
of the gelatine does not change; secondly it appeared that the 
amount of decrease with the experiments made in the previously 
described way — in desiccators according to VAN BEMMELEN — 
depended upon the size of the desiccator, and besides that in this 
way of experimenting pure water also lost in weight. These things 
found, we came to the following conception of von SCHROEDER’s 
phenomenon : 

1. the state attained in water vapour is no equilibrium ; even 
though the quantity of water absorbed does not visibly increase for 
days and days, one must suppose an extremely slow absorption still 
to be taking place, at least if the experiment is made in the exact 
way which will be presently deseribed. However, it may be several 
years, before the true equilibrium is reached, which in liquid water 
appears within some days. So the so called vapourequilibrium is 
only a “false equilibrium”. 

2. the curve which indicates the connection between the water 
content and the vapourtension, runs almost horizontally as soon as 
the point which represents the vapour equilibrium, is passed; the 
tension being taken as ordinate, the concentration as abscissa. 

3. The observation formerly advanced by von SCHROEDER, BANCROFT, 
and also by us against the hypothesis mentioned under 1, viz. that 
the watercontent of gelatine swollen in the liquid, decreased again 
in vapour, (from which was coneluded that the ‘equilibrium’ was 
attained from two sides), is founded on an unsatisfactory way of 
experimenting. This conception seems to give a satisfactory explana- 
tion of tbe whole of the phenomena; we can support it by a great 
number of experiments. 

We shall now first of all treat the proof of the third thesis. As 


1) These Proc. 15, 1078 (1912/13). 
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we doubted about the exactness of the method with desiccators, we 
made experiments in another way. We let a piece of gelatine swell 
under water until the equilibrium was attained, put it into a U- 
tube with ground stopeocks, hung this tube in a thermostat, and 
sucked a stream of air saturated with watervapour through it. In 
order to fully saturate the air with watervapour, we let it pass 
in extremely fine bubbles through four tubes of water which were 
also hanging in the thermostat. We made sure of the vapour really 
being saturated by placing a U-tube filled with water before the 
U-tube with gelatine, and by also weighing the former before and 
after the air had been led through. 


PAB TEN 
ek Weight of U-tube | Weight of U-tube 
+ water | + gelatine | 
Tr EEE OE OE EDE 
| | 
30. 130 MEE | 
| | 
24 hours 30.127 | 30.781 | Temp. 19°.0 
Di ae 30.126 | 30.779 | (in thermostat) 
Eeen 30.123 30.778 
[ee 30.117 | 30.780 


It will be seen, that the gelatine, contrary to our former experi- 
ments, showed no decrease of weight: it was in equilibrium and it 
remained so, and there was not the slightest abnormality. Now 
which method, the old or the new one, is more reliable ? The 
answer cannot be dubious, for we succeeded in improving the old 
method to such an extent that it gives the same results as the 
new one. 

Formerly we used to place little dishes of gelatine in a SCHEIBILER- 
desiccator, at the bottom of which was some water, and which 
stood in a room of a fairly constant temperature. In order to exclude 
the possibility that the water from the gelatine, under the influence 
of gravity, should distill to the water at the bottom, we have now, 
instead of pouring the water into the desiccator, placed a dish of 
water at the same level as that with gelatine. And, thinking of 
Foorr’s experiments mentioned in our first communication, we also 
weighed this dish, expecting, of course, that the water lost by the 
gelatine, should be found back here. However it appeared that 
both gelatine and water equally decreased in weight; (it is to be 
noticed that the desiccator was not evacuated). 
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TABLE IL 
Time | ie ish decrease shina st a decrease 

| 47.458 | 48.391 temp. 22° 

(room). 
24 hours 47.238 „220 48.209 „182 
24 47.031 „207 48.009 | .200 
24 46.868 163 | 47.863 | .146 
48, 46.567 „301 | 41.525 „338 

2nd experiment (three dishes of water). 


| | 
time weight n01, decrease weight n°2 decrease weight n° 3 decrease 
| | | 


| 


81.129 | 64.399 | 45.888 | | temp. 22° 
(room). 
24 hours. 80.868 „261 | 64.041 | -308 | 45.591 „297 
| | | | | 
2am, oe 0 GOT „261 | 63.709 EIA | 45.291 | „300 


We see from this that, in taking the experiment in this way, a 
dish of water decreases in weight 200 to 300 mG. in 24 hours, and 
that consequently the experiments thus made with gelatine, do not 
prove anything whatever. 

It is not quite easy to say where this water goes to. It might be 
thought that it serves to saturate the whole space of the desiccator 
with vapour; but for this a much smaller quantity suffices, 1 L. 
saturated watervapour of 22° only weighing 19 mG. Nor are 
differences of temperature probable, because the changes we have 
found always go in one direction, and because we cannot think 
why the water in the middle of the desiccator should always be 
“warmer than the walls thereof. Besides the temperature in the room 
was rather high), only varying within 0,5°, and so the dishes, 
after being weighed, would sooner enter colder than warmer. 
It was also controlled if a loss of weight occurred during the 
weighing and the preparations for it; by working quickly however, 
this loss could easily be kept under 1 mG. The only explanations 
left are, either the watervapour diffuses to the outside, passing 
through the layer of grease which is between the desiccator and 
the lid, or water is adsorbed at the great glass surface of the de- 
siccator. The latter explanation will be most probable, as in smaller 


1) Except in two series of table II, where the differences are equally great 
all the same. 
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PAE L Em 
Small desiccator of FRESENIUS; temp. root 22°. 


Time PGE eter : ee ee a decrease : 
33.798 21.409 
48 hours 33.745 „053 21.382 0.027 Volume of the 
48 „ 33. 122 „023 21.360 ‚022 | desiccator: 700 c.c. 
dish 3 dish 4 | 
+ gelatine + water | 
31.584 27.566 | 
24 hours 31.573 fleet 2740 „021 
pt, ipa 31.561 „012 Alpi „018 
PE 31.549 „012 21.510 „ORI 
EZ 5, 31.505 „044 27.471 „039 
water water 
\ 31.621 27.834 
24hours 31.605 „016 27.819 „015 
) temp. room 14° 
A 31.585 „020 27.800 .019 
48, 31.565 „020 Id „023 
gelatine 
21.164 27.777 
72 hours 27.741 „023 27.759 „018 temp. room 1695 
48 „ 27.724 „017 27.739 „020 
Bell-jar in pail; temp. room 22°. 
| weight of | weight of | 
Time  weighing-bottle decrease Time jweighing-bottle decrease 
+ gelatine | + water 
36.116 40.407 
90 hours, 36.052 „064 5 hours, 40.411 | (++.004) 
30 „ | 36.026 „026 Zn 40.250 „161 
| 
iy 36.009 „017 pn ae | 40.122 „128 
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desiecators — model Fresentus — we found much smaller decreases, 
and as we also found a loss of weight when making the experiment 
differently. A glass bell-jar, in which was hanging a weighing-bottle 
with gelatine swollen in water, was partly placed in a pail of water, 
so that the gelatine remained some em. above the water surface. 
There can here be no question of diffusion to the outside. Yet the 
adsorption hypothesis is not without its difficulties; for in taking the 
above mentioned experiments the desiccator or the belljar were first 
well rinsed out and moistened with water, so that one should think 
the glass surface to be entirely covered with a layer of water. 
Perhaps the two last mentioned causes of decrease of weight are 
cooperating. 

Whatever may be the cause of decrease, we can distinetly see by this 
table that both water and swollen gelatine decrease. So if we wished 
to really confirm von SCHROEDER’s observation, we first ought to have 
an arrangement with which water onlv does not diminish in weight. 

A series of experiments, undertaken in consequence of Foorr’s 
communication which has been mentioned before several times, will 
illustrate how hard it is to make exact observations by the statical 
method. In a glass tube were two small tubes filled with water 
above one another, which had been weighed before. The tube was 
closed with a rubberstopper or it was sealed in the flame, and then 
placed in a thermostat; after two days the tube was opened, and 
the little tubes were quickly put in weighing bottles, and were 


weighed. 
7, ASB (RE “IV. 
Time be as ‚decrease Woe GRE decrease 
22.098 | 24.000 
48 hours | 22.090 „008 23.992 „008 temp. 18°.0 
AEN |: 22.081 „009 23.980 „012 rubberstopper 
2nd experiment. 
22.069 23.923 
BR ed ee 223051 „009 23.918 „005 | id. id. 
3rd experiment. 
10.108 36.289 
48 | 10.098 010 | 36.244 045 sealed 
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So we again found a decrease of weight in all cases, be it less 
than with the experiments made before. As the amounts are so much 
smaller here, another circumstance, except the one of adsorption at 
the glass walls, must be taken into consideration, which, as we have 
found with the apparatus presently to be described, can account for 
differences to an amount of some mG.') The tubes were opened 
outside the thermostat; the outer walls then cooled down a few 
degrees, while the inner tubes remained a little warmer. In those 
few moments a small quantity of water could distill to the wall of 
the great tube, and this may be the cause of the loss of weight. 

Now in order to exclude adsorption we have passed on to another 
arrangement. We had a eylindrical box made of brass (measures: 
diameter 7.5 cm., height 7.5 em., volume 320 cc), which was 
closed by an exactly fitting brass lid that could be still more strongly 
fixed on by screws. Both the box and the lid were silvered at the 
inside. The apparatus was entirely plunged into a thermostat, kept 
constant within O°.1. In this apparatus too we began with weighing- 
bottles, which only contained water; we again had to state a loss 
of weight. With these experiments the vessel was taken out of the 
thermostat, and was quickly unscrewed after which the weighing- 
bottles were taken out and weighed with their stoppers closed. 
When a closed weighing-bottle with water was placed in the vessel, 
the weight remained constant; when taking it out, some slight 
moisture was to be seen against the stopper. A refrigeration evidently 
took place here, by a colder stream of air entering when the lid 
was taken off. In order to avoid this as much as possible, we placed 
the apparatus rather high in the thermostat; when it had to be 
opened we made the water run out of the thermostat through a 
siphon, so far that the ld appeared just above the watersurface. 
Meanwhile the screws were unscrewed so that the lid could be 
taken off as soon as it was above the waterlevel; in this way the 
whole kept the same temperature until the very last moment. The 
then obtained results were satisfactory (cp. table V), and we there- 
fore repeated our experiments with gelatine-water, agar-water, and 
celloidin-aleohol in this way. 

From these experiments we learn that gelatine, agar, and celloïdin 
swollen in a liquid, do not undergo a loss of weight when placed 
in saturated vapour, if the experiment is made rigorously. The results 
with the celloidin-aleohol system are not so good as with the others, 
it is true, but the decrease which reached an amount of 100—200 


') The greater difference in the upper tube of the 5rd experiment is evidently 
due to the heating during the sealing process. 


— 
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TAD LEW, 
Temperature 19°.0; weighings every 24 hours. 


| weight of weighing- | 


| weight of weighing- 


bottle 1 + water eee bottle 2+- water decrease 
26.045 
Ist series 
water 26.033 „012 „008 
vessel opened 
outside the 26.025 „008 „007 
thermostat 
26.012 „013 „012 
2nd series 
Mer 73 Fal ij P= 
vessel opened 
in the thermostat 25.768 ote -003 
weighing- bottle 
+ gelatine 
20.136 The gelatine had. been 
swelling for a fortnight in 
20.135 „001 
Benen water at a temperature of 
| 20.135 0 19°.0, and had been dried 
gelatine >a | with filter paper before the 
20.135 0 | experiment. 
20.133 „002 (after 3>< 24 hours). 
Temperature 21°.4. 
24.575 | 
h f | Sia | 005 | The agar had been swel- 
A aie Hse | 58 | (+ -005) | ling for 8 days under water 
agar | 24. 582 | (+ .002) | at the same temperature, and 
| had been dried as said above. 
24.581 4 | „001 
Temperature 219,4. 
| en ne nen A AR ~~ 
| NO. 1 | NO. 2 | NO. 3 NO. 4 
| | | | 
12.202 | 12.122 | 12.389) | 11.310 | 
5th series | | | | after 
celloïdin- 12.200 | .002 | 12.108 | -014 | 12.379 | .010 | 11.304 | .006 | 42 hours 
alcohol | | | | 
| | 12.095 | .013 | 12.370 | .009 | 11.301 | „003 | 74 1. 
| | | | | 
Temperature 0°. 
| | | | | 
| 12.248 | al 221050 12.397 | 
| | | 


6th series | 12.255 | (4.007) | 12.113 | .002 | 12.369 | (+.002) | after 61 hours 
celloidin | 12.249 | .006 |12.109 | .004 | 12.396 | .003| , 30 , 


; | | | 
12.249 | 0 | 12.109! 0 | 12.395 5001 4) seen ZA 


hs 


mG. with the old method, has been reduced to some mG. only ; 
we must herewith remember that the vapour tension of alcohol is 
considerably greater than that of water. Therefore the 6" series of 
experiments was undertaken at 0°; according to our expectations the 
results were better than at 21.4°. 

The experiments communicated here have taken away every actual 
ground of existence from the opinion expressed first by von SCHROEDER, 
viz. that here was a conflict with the second law of thermodynamics; 
the second law, as one might think, remains untouched. Of course 
the phenomenon of several substances swelling more in liquids than 
in vapours, remains; but we think this can be sufficiently explained 
by assuming that the absorption in vapour occurs extremely slowly 
in the end. We have also investigated if not totally swollen gelatine 
and eelloidin placed in vapour, would absorb more water in our 
new apparatus, and would come to the real equilibrium. This 
appeared not to be the case; e.g. with gelatine of the following 
compositions: 1 gelatine to 26 parts of water (in weight); 1: 24,2; 
1:18,8; 1:15,8; 1:6,5, (the “false vapourequilibrium” is about 
1:0.7) no change of weight was found for five days‘). So it goes 
without saying that the absorption takes place exceedingly slowly. 

This is most probably connected with the fact that the vapour 
tension of gelatine (and numerous other substances) is already very 
near to that of pure water when tbey have only absorbed a rather 
small quantity of water’); consequently all the further water absorp- 
tion of any importance is only of slight influence upon the vapour 
tension. Or in other terms, the difference of the vapourtension of 
pure water and of gelatine in “vapourequilibrium” is very small, 
and consequently the absorption velocity will also be very small. 
That it is yet very great in liquid water, may be easily explained 
from the density which is 50000 times greater. 

We just wish to state that the determinations meant here have 
ail been obtained by the statical method, the deficiency of which 
we have proved; a true opinion can only be possible if the experiments 
are taken along the dynamical way’), and if the real equilibrium 
has been proved by placing the jellies alternately in vapour of 
higher and lower tension. The values given for the composition of 
the substances swollen in the vapour of pure water are never true 


!) These experiments were also made in the dynamical method with U-tubes, 
yielding the same result. 
2) Katz, these Proc. 18, 958 (1910/11). 


>) Or in the apparatus described above. 
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equilibria; one ought to state the value which is attained in liquid 
water *). 

The explanation of the phenomenon becomes somewhat different, 
if we do not let the gelatine (celloidin) swell in pure water (alcohol) 
but in solutions. In ease of the dissolved substance being volatile 
(example: celloidin-alcohol-water), the circumstances are exactly the 
same as above mentioned; but, if the substance is e.g. a salt, the 
thing changes. Von SCHrOEDER has made some experiments about 
this question, and he ascertains that */,,,,.,-norm. sulphate solution 
already lowers the vapourtension of gelatine so much, that there is 
not even a decrease in vapour, but an increase. After the results 
described above, VON SCHROEDER’s argument loses all weight, and 
his result is sure to be due to chance. 

It is a fact we have repeatedly observed, that gelatine (celloidin) 
which had swollen in the vapour of a salt solution (NaCl in water, 
resp. HgCl, in aleohol) absorbs much more still, when brought into 
the liquid; 1 Gr. celloidin e.g. gains 1,77 Gr. in weight in a solution 
of 4°/, sublimate in alcohol of 96°/,, whereas only 0.89 Gr. is 
absorbed in the vapour of aleohol, and consequently still less in 
the vapour of a solution in alcobol. The difference between the 
swelling in a pure liquid and in a solution finds its cause in a 
substance, when in the vapour of a solution, never being able to absorb 
anything but the solvent, as long as the dissolved substance is not volatile; 
when placed in the liquid itself, it also absorbs the dissolved substance. 

This is a wellknown fact about gelatine; we have ascertained 
by the experiments with celloidin mentioned above, that this substance 
too had not only absorbed alcohol, but also sublimate. So in these 
cases it is clear for other reasons, that a substance swollen in vapour, 
when brought into the liquid phase, must still absorb more, and 
that the state attained in vapour is not a true equilibrium’). In 
vapour e.g. celloidin passes into celloidin + alcohol, until the vapour- 
tension of this phase has become equal to that of the liquid phase: 
alcohol + HeCl,. Now if one brings the celloidin phase under the 
liquid, the HgCl, diffuses into the celloidin; diminishes so to say 
the vapourtension of the alcohol which is contained therein, and 
consequently a furtber absorption of alcohol must take place. If we 


1) Strictly speaking one must not speak of pure water, but of a saturated solution 
of gelatine, agar etc. in water; of course, the difference really is exceedingly minute. 

2) Cf. ToLMAN's views, J. Amer. Chem. Soc. 35, 307 (1913). We have 
“assumed with TorLMAN that every substance evaporates somewhat, no matter how 
little; if one objects to this, one must speak of an equilibrium which lies differently 
in consequence of passive resistances (GIBBS). 
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represent this by a figure, we obtain in the vapour a state a; and 

after this the state 6 is reached in the liquid along’an exactly 

horizontal line, for the vapourtension remains absolutely the same; 

only the composition of the celloidin changes. a lies of course at 

a lower pressure than a’ in the figure, which stands for pure | 
alcohol; in the latter a’b’ is only approximately horizontal. 


Vd nt oP 4 & 


x xX 


It is evident that in this case the greater absorption in the liquid 
must be connected with the solubility of the salt in the gelatine or 
eelloidin. According to the colloid absorbing more salt, the difference 
between the vapour and the liquid equilibrium will be all the greater. 
We believe a closer study of this subject may probably bear fruit 
with a view to the knowledge of the behaviour of jellies in different 
solutions. We intend to start experiments about this with celloidin, 
which, as to stability, has great advantages over gelatine with which 
suchlike experiments have been made up to the present’). We do 
not consider skinpowder an ideal substance for this purpose either *). 


As a summary we think, we can say that the pretended conflict 
with the second law of thermodynamics has been put an end to, 
and that von SCHROEDER’s phenomenon in the principal case is due 
to a slowly coming equilibrium; one may expect it in all cases 
where the vapourtension already approaches the tension of the pure 
liquid very nearly, a long time before the equilibrium has been 
attained. If the liquid absorbed is a solution of a nonvolatile sub- 
stance, another explanation must be given. 


Path. Anat. and Inorg. Chem. Lab. 


Unwersity of Amsterdam. 
1) HormMEISTER, among others. 
?) Herzoe and Aprer, Koll. Zeitschr. 2, Supplem. heft 2, (1908). 
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Mathematics. -- “The quidruple involution of the cotangential 
points of a cubic pencil.” By Professor Jan pr Vrins. 


(Communicated in the meeting of April 24, 1914). 


1. We consider a pencil of cubies (y*), with the nine base-points 
Br. On the curve g*, passing through an arbitrary point P, lie three 
points P',P",P", which have the tangential point’) in common with 
P; in this way the points of the plane may be arranged in qua- 
druples of an involution (P*) of cotangential points. We shall suppose, 
that the pencil is general, consequently contains twelve curves with 
a node Dy. On such a curve & all the groups of the (P*) consist 
of two cotangential points and the point D, which must be counted 
twice. Apparently the 12 points D are the only coincidences of the 
involution ; as the connector of the neighbouring points of D is quite 
indetinite, the coincidences have no detinite support. The points Dy 
are at the same time to be considered as singular points; to each 
of them an involution of pairs P,P’ is associated, lying on the curve 
di”, which has Dy, as node. 


2. The nine base-points Bz are also singular; to each point By, 
a triple involution of points P’, P’, P" is associated, lying on a 
curve 37, of which we are going to determine the order. 

To each curve g? we associate the line 5, which touches it in B; 
in consequence of which a projectivity arises between the pencil of 
rays (6) and the cubic pencil (@*). The curve t° produced is the 
locus of the tangential points of B (tangential curve of B). 

The line 6, which touches a g* in B, cuts it moreover in the 
tangential point of B; this is apparently the only point that 5 has 
in common with t* apart from B. So t° has a triple point in B; 
there are three lines 5, which have in B three points in common with 
the corresponding curve g*; i.e. B is point of inflection of three 
curves g?. 

Let us now consider the tangential curves t*, and t*,, belonging 
to &, and B, Both pass through the remaining seven base-points, 
consequently have apart from the peints B, three points in common ; 
so there are three curves ¢*, on which B, and A, have the same 
tangential point. Hence it ensues that the singular curve 3, belonging 
to B,, has triple points in each of the remaining eight points B; 
it does not pass through ZB, because (P*) has coincidences in Dy 


1) The tangential point of P is the intersection of 9° with the straight line 
touching il in P, 
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only. With an arbitrary ¢*, B, has moreover in common the three 
points which form a quadruple with B,; consequently 27 points in 
all. So the triplets of (P*) belonging to B, lie on a curve of order 
nine, which passes three times through each of the remaining base-points. 

We found that B, and 2, belong to three quadruples; the three 
pairs, which those quadruples contain besides, belong to the singular 
curves 3," and B,” They have moreover in the seven remaining 
points Lz, 63 points in common; the remaining 12 common points 
are found in the singular points Dy. 


3. The locus of the points of inflection 7 of (°) has triple points 
in Dr, has therefore with an arbitrary vy’, 9 x 3 + 9= 36 points 
in common; it is consequently a curve of order twelve, t°. On a 
curve d° lie only 3 points of inflection ; we conclude from this, that 
vu’ has nodes in the twelve points Dy; in each of those points 0? 
and d° have the same tangents. 

The points P’, P", P", which have / as tangential point, lie in a 
straight line, the harmonic polar line h of J. So v? is the locus of 
the points, which in (7) are associated to dinear triplets. 

The curves #,° and «'* have in the singular points B and D 
8 x 3? +12 * 2=—96 points in common; on 8,’ lie therefore 12 
points /, so that B, belongs to 12 linear triplets. From this it ensues 
by the way, that the involution (/*) lying on 8,* has a curve of 
involution (p) of class twelve; for the line p= P’P" will only pass 
through B, if P" is a point of inflection, while P lies in B. As 
B, is point of inflection of three p°, (P*) has three linear triplets, 
‘consequently (p),, three triple tangents. 

The locus 4 of the linear triplets has, as was shown, 9 dodecuple 
points BD; as ¢* bears nine points of inflection, therefore 9 linear 
triplets, it has with 4 9 >< 12 +9 x 38— 185 points in common. 

Consequently the linear triplets lie on a curve a*. : 


4. We shall now consider the curve eg, into which a straight 
line # is transformed, if a point P of r is replaced by the points 
P’, which form a quadruple with P; for the sake of brevity we 
shall speak of the transformation (P, P’). If we pay attention to the 
intersections of 7 with 2,’ and with d,?, we arrive at the conclusion 
that @ has nonuple points in Bj and triple points in Dy. It has 
therefore with a gy’ in Bj 81 points in common; further these 
curves cut moreover in the three triplets which correspond with the 


intersections of ° and r, Consequently g is a curve of order thirty. 
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On an arbitrary straight line lie therefore fifteen pairs of cotangential 
points. 

By the transformation (P, P/), the curve 2“, which contains the 
linear triplets, is transformed into a figure of order 1350. It consists 
of twice 2 itself, three times t°, twelve times the curves 3° and 
seven times the singular curves 6°. For 2 X 45+3«12+9x 
12 x 91098; the points D produce therefore a figure of order 
252. From this it ensues that 4** has septuple points in the 12 singular 
points D. 

The pairs P, P’, which are collinear with a point #, lie on a 
curve °°, on which is a triple point; the tangents in # go to 
the points of the triplet of the (P*), determined by £. The line LA; 
cuts 37° in 9 points P, which form with Bj pairs of the (P*) ; hence 
e"® has nonuple points in Br. 

The locus of the pairs P", P', belonging to the pairs P, P’ of 
«**, we shall indicate by «,. As U is collinear with 12 pairs of the 
involution (2) lying on B’, B, is a dodecuple point of se, 

On an arbitrary g* the cotangential points form three involutions 
of pairs and the supports of the pairs of each of those involutions 
envelop a curve of class three (curve of Carrey). Consequently # 
is collinear with 9 pairs P, P' of gy’, and this curve contains 9 pairs 
of e‚ As the two curves in Bj, have moreover 9 X 12 points in 
common, consequently 126 points in all, e„ is a curve of order 42. 

The curves «** and 8,° have in the points by(A==1)8 Xx 9 X 3 
points in common; moreover they meet in 9 points of #4, and in 
the 12 pairs P, P' mentioned above. The remaining 48 common 
points must lie in D,; so &* has quadruple points in the 12 singular 
points D. 

The curves «,’? and 8,° have in 6,(£=|=1)8 x 12 < 3 inter- 
sections; further they meet in the 9 pairs P", P", belonging to the 
9 points P' lying on HB,, and in the 12 points P", belonging to 
the 12 pairs P, P’ of 8,°, which are collinear with /. So they must 
have 60 intersections in Dy; e„°* has consequently quintuple points 
in the 12 singular points D. 

The curves e„*° and «? have in Br 9X12X3, in D,12*K5 x2 
intersections, together 444; the remaining 60 lie in points of inflection, 
of which the harmonie polar lines pass through /. In such a point 
of inflection /, &,*? will have a triple point, for the corresponding 
polar line / contains a linear triplet, so three pairs of «**, so that 
[ appears three times as point of ¢,. Consequently # bears 20 
straight lines h: the harmonic polar lines of p* envelop a curve of 
class twenty. 
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Mathematics. — “A cubic involution of the second class.’ By 
Prof. JAN pre VRiks. 


(Communicated in the meeting of April 24, 1914). 


1. By the class of a ecubie involution in the plane we shall 
understand the number of pairs of points on an arbitrary straight 
line). In a paper presented in the meeting of February 28' , 1914 *) 
I considered the eubie involutions of the first class, and proved that 
they may be reduced to sez principally differing sorts. 

The triangles A, which have the triplets of an involution of the 
first class as vertices, belong at the same time to a cubic involution 
of lines; the sides of each A form one of its groups. 

The cubic involntions of the second class possess the characteristic 
quality of determining an involution of pairs i.e. an involutive 
birational correspondence of points. For, let A, X’, X" be a group 
of an involution (X*) of the second class; on the line X’X" lies 
another pair Y’, Y"; the point Y, completing this pair into a triplet, 
is apparently involutively associated to X. In the following sections 
I shall consider a definite (X*) of the second class and inquire into 
the associated involutive correspondence (X )’). 


2. We start from a pencil of conics gv? with the base-points 
A, B, B, B, and a pencil of cubics ¢* with the base-points B,, B,, 
B, Ch (h =1 to 6). The curves * and g?, which pass through an 
arbitrary point X, intersect moreover in two points AX’, X", which 
we associate to X. As the involutions /? and /*, which are determined 
on a straight line by the pencils (4*) and (4°), have two pairs X’, 
X" and Y’, Y” in common, a cubie involution (X*) of the second 
class arises here. 

The ten base-points are singular points, for they belong each to 
oot groups; on the other hand is a singular point certainly a base- 
point of one of the pencils. 

The pairs of points which with the singular point A determine 
triangles of involution A, lie apparently on the curve «’ of the 
pencil (v*), passing through A. As they are produced by the pencil 
(¢?), they form a central involution, i.e. the straignt limes «= A’X" 
pass through a point 7’ of a (opposite point of the quadruple 
AB, 5. 5;): 


Analogously the pairs X’, X", which are associated to C;,, lie on 


1) This corresponds to the denomination introduced by Caporatr for involutive 
birational transformations. (Rend. Acc. Napoli, 1879, p. 212). 
2) “Cubic involutions in the plane”. These Proceedings vol. XVI, p. 974. 
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the conic y,? passing through C}, which conic belongs to (4®; the 
straight lines w intersect in a point d/,, the centre of the /?. 

In order to find the loens of the pairs, corresponding to B,, we 
associate to each g* the p?, which touches it in B,. The pencils 
being projective on this account produce a curve of order five, B,°, 
which has a triple point in 4,, nodes in B,, 6, and passes through 
A and Cy. If the straight line z= X’X" is associated to the straight 
line, which touches the corresponding curves p? and g in B, a 
correspondence (J, 1) arises between the “curve of involution” enveloped 
by « and the pencil of rays 6,; from this it ensues that (7) must 
be a rational curve. As no other lines w can pass through 5, but 
the tangents at @,° in the triple point B, (we) is a rational curve of 
the third class, has consequently a bitangent; on it lie two pairs of 
(X’*). To the tangents of (v7), belong the lines AB, and AB, 

There are three singular straight lines by = AB,; each of them 
bears a /? of pairs Y', X". The corresponding points X lie on the 
limes 0,7 NEN 


3. The curve of coincidences (locus of the points X == X') has 
triple. points in Bj, and passes through A and C);. With the singular 
curve y’, it has 10 intersections in A and 57; as it touches it in 
C, and at the same time contains the coincidences of the involution 
(X', X") lying on y?,, it is a curve of order seven’), which will be 
indicated by df. It passes through the 12 nodes of (p°) and the 3 
points (Dz bim). 

As df has six points in common with g*, apart from Bj, and Ch, 
the involution /* of the A inscribed in g* possesses sev coincidences. 
In the same way it appears that the involutions /? lying on «° and 
B” possess four coincidences each. 

The supports of the coincidences envelop a curve (d) of class 
eight; for through A pass in the first place the lines 57, each bearing 
two coincidences, and which consequently are bitangents of (d) and 
further the tangent in A at @*, which will touch (d) in A. 


4. To the points X of a straight line / correspond the pairs of 
points YX’ and Y" of a curve 2, which has in common with / the 
two pairs of the (Y*) lying on /, besides the points of intersection 
of / and d’; hence 4 is a curve of order eleven. By paying attention 
to the intersections of / with the singular curves a*, 87’, and yi’, 
we see that 2?! passes three times through A, five times through bz 
and two times through C,,. 


1) This corresponds to this well known proposition : the locus of the points where 
a curve o of a pencil is touched by a curve gn of a second pencil is a curve 
of order 2(m-+n)—3.. 
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On 4", X’ and X" form a pair of an involution; of the straight 
lines v—= X’ X" six pass through A. Three of them are indicated 
by the intersections X of / and «°; here X’ lies every time in A. 
The remaining three are the lines bj; for each of them contains a 
pair X’, X" corresponding to the point X == (lb). 

The curve (wz), enveloped by w is rational, because we can associate 
« to NX; it has therefore ten bitangents. As such a bitangent bears 
two pairs X’, ¥" and Y’, Y" it follows that the mvolution (X,Y) 
contains ten pairs on /, and consequently is of the tenth class. 

5. Let a straight line / be revolved round a point /; the pairs 
X', X" and Y', Y" lying on it describe then a curve «*, which 
passes twice through / and is touched there by the straight lines 
EE' and EE". On EA lie two points X' and Y', each forming with 
E a pair of the (X*); so A is a node of «°. For the same reason 
e° has nodes in Bj; it also contains the points Ci. In consequence 
of the existence of 5 nodes, &° is of class 20, so that / lies on 16 of 
its tangents. Of these 8 contain each a coincidence of the (X°); the 
remaining 8 are represented by four bitangents, being straight lines 
s, on which both pairs belonging to (X*) have coincided. From this 
it ensues that the lines s envelop a curve (s), of the fourth class. 
Apparently the straight lines s, passing through A, are tangents to 
a’. In the same way the four tangents out of bz to pr’ are the 
straight lines s, which may be drawn through 2. 

Apart from the singular points e° and d* have 16 points in 
common; to them belong the 8 coincidences of which the supports 
d pass through £. The remaining 8 must be points X’, coinciding 
with the corresponding point X without «’s passing through £; ie. 
they belong to the locus s, of the points \, which complete the pairs 
lying on e° into groups of (X®). 

As HE lies on three of the straight lines «= X'X" belonging to 
By, By is a triple point of e„; analogously A and Cy are simple 
points of that curve, so that the latter has 2 +328 +6 == 26 
intersections witlì e° in the singular points. Besides the 8 points of 
J’ indicated above they have moreover the points 4’, 4" in common, 
so we conclude that «, must be a curve of the sivth order. To the 
intersections X of «°, and / correspond lines x, which pass through 
E; from this it ensues again that rv envelops a curve of the sixth 
class, when X deseribes the straight line /. 


6. If # is laid in C,, &° is replaced by the figure composed of 
the singular conic y,? and a curve y,*, which has a node in C, 
and passes through the points A, Br, Cy. The two curves have apart 
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from A and Bx two more points £', LE" in common; the lines 
CE,C HE" touch y, in C, and are apparently the only possible 
lines s passing through C,; hence C, is a node on the curve (s),. 

The curve «,° belonging to C, is represented by the figure com- 
posed of y,? and a curve *y,‘, which has nodes in Ag. This may 
be found independently of what is mentioned above. The trans- 
formation replacing a point X by the corresponding points X', X", 
transforms a straight line / into a curve y"', consequently the curve 
y,' into a figure of order 44. It consists of y,* itself (for this curve 
bears co! pairs X, X'), twice +,?, the curves a’, 97° yz,’ and twice the 
loeus of Y"; the latter is therefore of order four. 

If # is brought into the centre J/, of the /? lying on y,’, e° passes 
into y,? and a curve mg,‘ with node M,. Of the latter 6 tangents 
pass through J/,, whereas this point lies on 2 tangents of y,*; from 
this it ensues anew that the lines d envelop a curve of the eighth 
class. As y,? apart from A and B, has with u,‚* four points in 
common, which must form two pairs of the /*, and so determine 
two lines s, J/, too is a node of the curve (s),. 

If # lies in A, e° consists apparently of @’*, and the three lines 
bj; whereas ¢,° is the figure composed of an «° and the three lines 
bun. For ZE in 7 «° is replaced by the figure formed by a° and a 
curve t°, also ‘passing through 7’ and having with a° besides the 
four points A, Bz two more pairs collinear with 7’; consequently 
T is also a node of (s),. 

For Bj e° consists of 27, and the line BA; «,° of 97’ and BB. 


7. Passing on to the consideration of the involutive correspondence 
(X, Y) we cause X to describe the straight line /, and we try to 
find the loeus of the corresponding points Y. On each line X' X" 
lies a second pair Y', Y"; the curves g° and ¢*, which intersect 
in the points Y', Y" we shall associate to each other. In order to 
determine the characteristic numbers of this correspondence, we 
consider the involutions /*, which are formed on a curve ¢” or p° 
by grcups of (X°). | 

The sides of the A described in a p? envelop a conic; among 
the 12 tangents, which this curve has in common with the curve 
of involution (x), belonging to 4'* must be reckoned the two lines 
X', X", for which X is one of the intersections of / and g’*. The 
remaining 10 contain each a pair Y', Y"; consequently each g? is 
in the said correspondence associated to 10 curves ¢’. 

The involution /* on a y* possesses a curve of involution of the 
third class; for B, bears in the first place the line 6,, which contains 
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à pair of the 7*, then the lines joining B, to the two points, deter 
mined by the ¢’, which touches ¢’ in B. The intersections of / 
and y* procure three common tangents of (wv), and (x),; there are 
consequently 15 straight lines, which bear a pair YY’, Y", so that 
the said correspondence associates 15 curves ¢* to ¢’. 

By means of this correspondence the points of a straight line r 
are arranged into a correspondence (30, 30). For to the gy? passing 
through a point F of r correspond the 30 intersections R’ of r with 
the 10 curves g? associated to g*; on the other hand the gv? passing 
through #’ procures 30 points A, by means of the corresponding 
15 q@’. The intersections of the corresponding curves form therefore 
a figure of order 60; it consists, however, of two parts: the locus 
of the pairs Y’, Y", which lie on the tangents of the («),, and the 
locus of the points Y. 

The former may also be produced by the pencil (v*) and the 
system of rays (v),. To each g*, in virtue of the consideration men- 
tioned above, a number of ten straight lines is associated, which are 
each coupled to one gv? only; hence a (10,12) arises now on 7, so 
that the pairs of points )’, Y" are lying on a figure of order 22. 

For the points ) we find therefore a figure of order 38; it is 
composed of the three lines 6,,, and a curve of order 35. For to 
the intersection X of / and 6,2, corresponds a pair X’, X" on AB,; 
but this line bears o' pairs 7”, )"" and the corresponding points H 
of 6,8, are all associated to Y. Apart from these three lines the 
line / is transformed by means of the birational correspondence 
(AF) into a curve of order 35, 4**. It cuts 7 in 10 pairs X, Y (§ 4) 
and in 15 coincidences Y= Y. There is consequently a curve of 
comeidences of order jifteen. The figure of order 22 found above 
consists of the three lines bj, and a curve à'°, for to the conic (b,, 0,,) 
corresponds the tangent 6, of (.),. 


8. We shall now determine the fundamental curves which are 
associated to the fundamental points A, Bz, Ch. The curves of invo-_ 
lution (@), belonging to 8,° and 3,° ($ 2) have 9 tangents in common, 
there are consequently 9 lines, for which A lies in #4, and Yin B, 
Therefore the fundaniental curve of B, has nonuple points in B, and 
B, No other point Y of the line B,B, can correspond to a point 
X lying in £4,; the said curve is therefore of order 18. It has a 
nonuple point in 4 too and passes three times through each of the 
points A and C,; for through 7’ or JM, passes one line, bearing a 
pair A", Xx" ofp,’ and a pair Y’,Y" of a? or y,°; through which 
then 5, = X corresponds to a point Y lying in A or Cj. 
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The fundamental curve of A is apparently identical with the 
curve e‚° (§ 5) belonging to the point 7’; we shall indicate it by a’. 
As «* has two pairs in common with t* ($ 6) A is a node of a’. 
That «® passes through the points C, and has triple points in By 
ensues from the consideration of the lines 7%, and of the tangents 
out of 7 to the (2), belonging to Bj. 

It appears analogously that the fundamental curve of C, has 
triple points in By; and a node in C,; it passes through A and the 
remaining points C‚ and is of order sir. This curve is at the same 
time the e,° belonging to J/,. 

We can now prove once more that the birational correspondence 
is of order 35. To the intersection X of two lines /, corresponds 
the point Y, which the two curves 4, apart from the fundamental 
points, have in common. As appears from what was mentioned 
above 2 passes J8 times through 5, and 6 times through A and 
C,; from 1 43 X 18? +7 XxX 6? = 1225 = 45° it appears now that 
2 is a curve of order 35. 


Physics. — “On the manner in which the susceptibility of para- 
magnetic substances depends on the density” By Dr. W. H. 
Kersom Supplement N°. 36c to the Communications from the 
Physical Laboratory at Leiden. Communicated by Prof. H. 
KAMERLINGH ONNES. 


(Communicated in the meeting of April 24, 1914). 


§ 1. Introduction. In Suppl. N°. 32a (Oct. ’13) an expression was 
developed for the molecular rotatory energy in a system of freely 
rotating molecules as a function of the temperature. This expression 
was introduced into the theories of LANGEVvIN and Weiss, on the sup- 
position that, when the equipartition laws are deviated from, the 
statistics of the molecules under the action of an exterior directing 
field, in this case a magnetic field, is determined by the value u, of 
the rotatory energy in the same way as for equipartition it is by 
kT. It then appeared that different experimental results can be re- 
presented very satisfactorily in that way '). 

1) The expressions developed in the above-mentioned paper appear to be also 
suitable to give a quantitative representation (as far as observations are available) 
of the decrease of the temperature of the Curts-point by the addition of a dia- 
magnetic metal to a ferromagnetic one, with which it forms mixed crystals, on 


the supposition that the diamagnetic metal exerts no other influence than that the 
mutual action of the ferromagnetic molecules is lessened in consequence of the 
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In the communication mentioned above the system of molecules 


increase of their distance, as regards the molecular field in particular according 
to the supposition mentioned further on in this note. In fig. 1 the points ++ repre- 
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sent the temperature Te of the Currr-point of alloys of nickel and copper as a 
function of the mass-composition x of nickel according to W. GUERTLER and G. 
TAMMANN, ZS anorg. Chem. 52 (1907), p. 25 [the quantity x introduced here is 
not to be confused with that of equation (4)]. The curve represents the results of 
the calculation. In this 1 started from equation (16) of Suppl. N°. 32a, applied to 
the nickel molecules : 


Nn nou? 
We — en Rd ad ete i) 


The density of the different alloys of nickel and copper was assumed to be equal, 
so that the density of the nickel in the alloy may be put equal to g = 0,% (the 
index 1 indicates that the quantity concerned corresponds to x= 1, that is in our 
case to nickel’. Further the coefficient of the molecular field, Nm, is assumed not 
to depend on the composition. This assumptioninvolves, that the molecular field, 
the magnetisation per unit of mass being kept constant, is proportional to the first 
power of the density of the ferromagnetic component; this relationship differs 
from the result obtained by Werss, C.R. 157 (1913), p. 1405, with alloys of the 
two ferromagnetic metals nickel and cobalt from the manner in which the con- 
stant of the molecular field, derived on the assumption of equipartition, depends 

on the composition. 
Further @, has been put (cf § 5 of this paper proportional to 2*/s : 
el TAN HNE re oet RE De 7) 


The equation which determines the value of Te which corresponds to a given 
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was always‘) supposed to be contained in the same volume. and 
in the comparison with experimental data no account was taken of 
the influence which the relatively small changes of density connected 
with the temperature changes exert on the parameter /,, which 
oeenrs in the formulae of that communication, and which [ will 
call the characteristic zero-temperature. 

Since then the measurements by Perrier and KAMERLINGH ONNES *) 
concerning the susceptibility of liquid mixtures of oxygen and nitro- 
gen have furnished very important data, which, when considered 
from the point of view taken in the paper quoted above, allow a 
conclusion as to the manner in which the characteristic zero-tempe- 
‘ature @, depends on the composition of those mixtures. If it is 
further assumed with Perrier and KAMERLINGH ONNEs, that to a 
first approximation the presence of the nitrogen molecules in these 
mixtures does not exert a direct influence on the statistical distri- 
bution of the orientations, nor on the magnetic moment of the oxygen 
molecules, so that it is only the changes in density of the oxygen, 
which determine the changes in the susceptibility, then those mea- 
surements furnish at the same time data for a discussion of the 
question how “, depends on the density. 

We will in the first place treat the question whether the results 
of the measurements by PerrRIER and KAMERLINGH ONNEs mentioned 
above can be represented with the aid of the relations of Suppl. 


value of 2, may then be put into the form: 


Ure Ure1 | 5 
- a'ls Mie iad WL . . (e) 
0 Uro1 
a 4 5 ew = ANS - : = Ure 
For nickel (7.1 = 633, 60,1 = 2100, cf. Suppl. N°. 32a § 4) ——= 1,30. From 
Wro 
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a the value of can be derived, and then with #/) from (b) the value of Te 
ro 0 
corresponding to x can be found. 

A continuation of the investigation of the magnetisation of alloys such as those 
mentioned above, particularly for compositions, for which the Curté-point lies 
below O° C., would be of great interest, on the one hand for pulting the appli- 
cation of the quantum-theory to a test (according to this with such alloys the 
different cases indicated in Fig. 8 of Suppl. N’. 326 might be realised), on the 
other hand for increasing our knowledge of the molecular field [In the mean 
time [ have received an article by P. Werss, Ann. de physique (9) 1 (Febr. 1914) 
p. 134, in which is mentioned, that, with a view to the investigation of the 
molecular field, a series of measurements concerning alloys of nickel and copper 
has already been undertaken. (Added in correcting the proof of the Dutch edition)]. 


1) \Vith the exception of the note added in Leiden Comm.: note 2, p. 6. 
2) AuB. PERRIER and H. KAMERLINGH ONSES. Comm. No. 139d (Febr. ’14). 
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N°. 32a a) It is shown in § 2 that the answer is in the affirmative, 
in § 3 the same appears to be the case for the measurements con- 
cerning the susceptibility of liquid oxygen over a wider range of 
temperatures. § 4 contains the conclusion whieh follows from $$ 2 
and 3. Finally in the following $ § are treated the consequences 
concerning the dependence of 6, on the density, which follow from 
the results of those measurements *). 


§ 2. The susceptibility of the liquid mixtures of oaygen and nitrogen 
and the application of the quantum-theory to paramagnetism. As a 
preliminary to the question whether the results of the measurements 
by Perrier and KAMERLINGH Onnes can be represented with the aid 
of the relations of Suppl. N°. 32a, in so far as these are applicable 
to paramagnetic substances, the specific susceptibility of the oxygen 
in the mixtures (Table I, Comm. N°. 139d) was compared with the 
specific susceptibility for pure oxygen in the gaseous state at the 
same temperature, which would follow from the measurements by 
Weiss and Piccarp if Curir-LANGEVIN'S law remained valid down to 
that temperature (cf. tabie I, Comm. N°. 139d). This value we will 
call the equipartition value eg. 

On the assumption mentioned in § 1, that the presence of the 
nitrogen molecules does not cause a change in the magnetic moment 
of the oxygen molecules, the (paramagnetic) specific susceptibility of 
the oxygen in the mixture is determined by Oosreruurs’s relation : 

nya” 
XO, in mixture — 3u, td Need TCN 


In this relation n represents the number of oxygen molecules 
in 1 gram of oxygen, u is the magnetic moment of an oxygen 
molecule, uw, the mean rotatory energy (about two axes 1 to the 
magnetic one) of a molecule of oxygen in the mixture at the tem- 
perature and density considered. According to LANGEVIN 


anne 
nu 


SAT 


(2) 


Zeg. — 


Division gives 


1) For a detailed discussion of those measurements on the basis of the assump: 
tion of a negative molecular field, as well as a consideration of the other cir- 
cumstances which may have an influence, we refer to the paper by PERRIER and 
KAMERLINGH ONNES quoted above. 

*) The principal results of this paper were already inserted in the translation 
of Comm. No. 139d; p. 915 note 2 
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Lo, in mixture 
If for w, we assume the temperature function, developed in Suppl. 
‚N°. 32a, and determined by 


uy \ Ye 8 dé 
— ij | a= — 
=) "i Oel | 
0 Ce He EELDE || 
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where 
io = — KO. (5) 
k Ut fi 
at each value of # the mutually corresponding values of as and i 


0 


can be calculated. The value of oF corresponding to the value of 
0 
w/kT given by equation (3) can then be found by graphical inter- 
polation, after which 4, immediately follows. 
From the data of Table I Comm. N°. 139d by Perrier and 
KAMERLINGH OnNEs the following values of 6, were in that way 
obtained : 


TAR IE | 


| Values of O, 


| con 
| vo if =— 195.65|/t= — 202.23\t = — 208.84 Mean | A (= Es 6,) 


| | 15 
I 0.7458 165 16: | 159 162 21.6 
mall 0.4010 | 015 | 99.5 97.1 | 98.0 13.1 
8 Ill 0.2304 53.9 55.1 | [61.0] 54.5 7.3 
2 IV | 0.1380 | 25.0 | 21.3 23.6 23.3 3.1 
a) Hodson ol nes | 10.6 9.1 1.2 


From the fact, that the individual values of 4, vary irregularly 
about the mean values, the conclusion may be drawn that the obser- 
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vations can be represented with sufficient accuracy by the equations 
(1) and (4). This is confirmed by Table Il which gives the values of 
x calculated with the aid of the mean values of 4, given in table I. 
Table II also contains the deviations (0 C between observed and 
calculated values. 


rl BE Sige | 


Calculated specific susceptibilities of oxygen. 
Comparison with observed values. 


9 le—=— 195.65, 0 -C |¢= — 202.231 O- C||t = — 208.84] O—C 

I | 0.7458 | 296.2 eae | 3139 [+Hoe 3345 | +20 

bg tk | 04010 |. 3362-2) —02)| 3612 | 16e so01, | de 
| 5 II | 0.2304 | 3636 | + 0.5 | 3938 —08 | 429.2 | [—5.7] 
= iv | 0.1380 | 384.6 | Sto). ass Ine acte PES 
V | 0.0801 | 3937 | +13 | | 4132 | —1.2 


Table II confirms the conclusion that the observations concerning 
the specifie susceptibility of oxygen in the liquid mixtures of nitrogen 
and oxygen can be represented within the degree of accuracy of 
those observations by substituting the expression 47’ in LANGEVIN’s 
theory by an expression for the molecular rotatory energy which is 
derived from the quantum-theory with the assumption of a zero- 
point energy *). 

These observations do not therefore furnish a decision between the 
assumption just mentioned and that, in which the expression #7’ in 
LANGEVIN's theory is left unchanged, but the assumption of a negative 
molecular field is added, which was found by Perrier and Kampriincu 
Onnes (Comm. N°. 139d) to be in ‘sufficient agreement with the 
observations. In the mean time it must be mentioned that on the 
assumption investigated in this paper the inclination of the y~}, 7- 
lines for the mixtures with small density of the oxygen approaches 
to the equipartition value for oxygen, which follows from the measure- 


1) Dr. OosTERHuIs tells me, that calculations made in the way indicated above, 
but in which for wr the expression is taken which was assumed by him in Suppl. 
N” 31, lead to the same result. Cf. note 2 p. 915, Comm. N°. 139d 
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ment by Weiss and Piccarb, whereas, as was found by Perrier 
and KAMERLINGH ONNES, on the assumption of a negative molecular 
field with unchanged molecular rotatory energy a correspondence of 
the inclinations can only be obtained by the aid of a new hypo- 
thesis (unless the difference in inclination should be ascribed to a 
systematic difference of experimental origin). 


§ 3. The susceptibility of liquid oxygen and the application of 
the quantum-theory to paramagnetism. The susceptibility of liquid 
oxygen being measured over a considerably larger temperature range 
(from 65.925 K. to 90.°1 K.: KAMERLINGH Onyxers and Perrier, Comm. 
N°. 116: from 70.°2 K. to 90°.1 K.: KAMERLINGH ONNES and OosrERHUIS, 
Comm. N°. 182e), than was possible for the mixtures treated in $ 2, 
it is important to investigate whether the data which are available 
about liquid oxygen can be represented also with the aid of the 
relations (1) and (4). In table II] the corresponding data have been 
put together. 

As Perrier and KaAMERIINGH Onnes observe, account has to be 
taken of the change in density of liquid oxygen. For the reduction 
of /, to the same density use was made of the result which will 
be derived in $ 5 from the observations concerning the above mix- 
tures considered in conhection with those concerning oxygen, viz. 
that at these large densities /, is proportional to gp”. 


TAB EE Atha: 


Specific susceptibility of liquid oxygen 
(KAMERLINGH ONNES and PERRIER). 


| | 6 | 6 Keale.’ 108 
T X. 106 | 2 0 | Oo. p=1,235 2/,;| O—C 
beta apa with 9 le : 
| 0 1.235) | 
| | 
64.25 | 284.9 | 232.5 | 1.267 229 | 282.6 Je. 
| 70.86 | 271.4 | 232.7 | 1.235 | 233 2717 — 0.3 
71.44 | 259.6 | 231.3 | 1.204 235 261.3 Zi 
| 90.1 | 241.1 | 220.2 | 1.143 | 232 240.9 +0.2 


mean 232. 


The agreement between observation and calculation may be con- 
sidered sufficient. This conclusion is supported by the observations 
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of KAMERIINGH ONNES and OosTERHUIS: 


; | 
TABLE 1116. | 
me Nl 


Specific susceptibility of liquid oxygen 
(KAMERLINGH ONNES and OOSTERHUIS). 


} 


2! 


eats le 
i 4.106 | Oo, = 232(—_) Kerger 108 OC | 
CER | | | 
70.2 270.7 232.65 272 8 a4 
79.1 258.1 297.4 ABe |) = Gul 
| 90.1 241.1 220.2 | 241.0 | Oe 


§ 4. Conclusion. The data treated in $$ 2 and 3 lead to the 
following conclusion : 

The susceptibility of oxygen in liquid mixtures of oxygen and 
nitrogen as well as that of liquid oxygen can be represented within 
the degree of accuracy of the observations with the aid of the 
application of the quantum-theory to paramagnetism as expressed 
by equations (1) and (4). 

The agreement between observation and calculation (particularly 
if the susceptibility of liquid oxygen is also considered over the 
whole range of temperatures) is somewhat better with the application 
of the quantum-theory than with the introduction of a negative mole- 
cular field alone: indeed Prrrter and KAMERLINGH Onnes find it 
necessary for the mixtures of oxygen and nitrogen also to change 
the value of the Curtr-constant. Calculations made for liquid oxygen 
support this conclusion. Nevertheless it is quite possible that for liquid 
oxygen also if a changed Cvrin-constant is assumed just as good an 
agreement may be obtained by the introduction of a negative 
molecular field. 


§ 5. Dependence of the characteristic zero-temperature on the 
density. Table IV shows more particularly the manner in which /, 
depends on the density 9 of the oxygen. 

From the last column the conclusion may be drawn that for the 
A log 6, 

log 0 
may therefore write as a limiting law: 

OS AO n:nat ae eel vt ns, |G 


higher densities approaches to ?/,. For those densities we 
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TABLE IV: 
log | 
| Q A, = ae Oo | 
| Alogo | 
| | 
0.0801 9.1 | 
SFR | 
0.1381 | 23.3 
| 1.66 
| 0.2304 | 54.5 
| | te A06 
| 0.4010 | 98.0 | 
0.82 
0.7458 | 162 
| le or 
12235 71232 


where a is a constant (for a definite substance. This dependence 
of O, on the density quite agrees with that, which in Suppl. N°. 30a 
was derived for the molecular translatory motions from the hypo- 
theses assumed there, ef. equation (186) of that paper. 

This result can be interpreted as indicating, that the proportionality 
factor in the relation 

c= urk, 

(cf. Suppl. N°. 32a § 2), in which e represents the velocity of the 
“rotational waves” considered in the paper mentioned, is independent 
not only of the temperature but also of the density, as according 
to Suppl. N°. 30a equation (7) is the case for the corresponding 
“translational waves”. 

In Fig. 2 the points indicated by small cireles represent the values 
of @, derived from the observations as a function of e. The curve 


WET ZA OT gives ag, where a is 
veal | REE chosen so as to obtain agree- 
zn! | Cl ment tor the ‘higher values ier 
at, | v. This agreement is in fact 

rr | a | very good for og >1, as results 
aot | from the fact that the two 


curves do not intersect here at 
a definite value of v, but coin- 
| cide over a certain range of 
densities. 
For values of @ smaller than 
1 a deviation begins to show 
Fig. 2. itself; this deviation at first 
increases regularly in proceeding to lower values of g. 
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It is natural to ascribe this agreement at higher, and this deviation 
at lower densities to the following’). At larger densities the rotations 
of the oxygen molecules are continually disturbed by collisions, or 
at least interactions with the other oxygen molecules, so that the 
periods of revolution of the oxygen molecules cannot play a part 
in the determination of the frequencies in the system which govern 
the distribution of energy. 

For those densities the frequencies are determined by the analysis 
according to Jeans of the molecular rotatory motions in the system 
into natural vibrations; the relations given in Suppl. N°. 32a 6 2 are 
then valid as approximations. 

At small densities, however, at which every molecule performs 
in the mean a certain number of revolutions before its rotation is 
disturbed by the collision (interaction) witk another molecule, it is 
the numbers of revolutions of the individual molecules in the unit 
of time which govern the distribution of energy. These freauencies 
are then determined at the limit by EiNsrriN’s relation ®). 


Ur, == 4 T (Zap) 


and are independent of the density: 

Between these two extremes a transition range lies. 

If (for 7=85) the number of collisions, which an exygen molecule 
undergoes in 1 sec. at eg =1 (the molecular diameter 5 = 3.10 
derived from the viscosity), is compared with the number of revolutions 
per sec. (distance of the oxygen atoms being assumed = 0.7.10-S, 
derived from the moment of inertia calculated according to Horm ® 
from A1, which value was assumed according to Fig. 2 for 
oxygen: in the gaseous state), one finds that in the mean the oxygen 
molecule makes 0.4 revolution between two successive collisions. It 
is, however, not necessary to assume that the number of times that 
the rotatory motion is disturbed in a second, coincides with the 
number of times that this is the case with the translatory motion. 
Some room is thus left for an average number of revolutions between 
two successive disturbances of the rotatory motion other than the 
number just mentioned. But if we assume that the order of magnitude 
will not be essentially different, the result of the calculation mentioned 
above is such as to be quite consistent with the theory developed 
above that at 9=1 a transitional region begins in which the 


1) Cf. the note quoted p. 112 note 1. 
*) Rapports conseil Solvay 1911, p. 433. 


3) E. Horm. Ann. d. Phys. (4) 42 (1913, p. 1319. The 6 used by Hor 
corresponds to “4 in this paper. 
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frequencies of the individual molecules begin to play a part for the 
energy distribution. 

This theory involves that for smaller densities uw, is no longer 
determined by the relations of Suppl. N°. 32a, equations (4) and 
(5) of this paper. Notwithstanding that, in consequence of the relative 
insensibility of the way in which uw, depends on 7’ for the special 
assumption about the distribution of the frequencies (ef. Suppl. N°. 31 
§ 7 by Oosternuts), a good agreement may still be obtained by 
those relations with the observations considered in this paper, but 
then the values of 7,, which give such an agreement, do not have 
the meaning laid down by the theory in Suppl. N°. 32a. 

Meanwhile the part for the smaller densities (o < 0.15) of the 
0, ,c-curve of Fig. 2 may be given a simple meaning by supposing 
the curve for this region to represent aa if 4 is determined 


by the fact that the w,,Z-curve on the side of the high temperatures 
approaches asymptotically to 


Uy ne A AN 


As according to the relations of Suppl. N°. 32a $ 2 (ef. Suppl. 
15 
N°. 32) § 5) 0, == A, the curve has also this meaning for 


o> 1. For a nearer interpretation of the intermediate region the 
theory will have to be further developed. 

On the side of the small densities the curve in Fig. 2 has been 
extrapolated (indicated by dots) to a part that terminates parallel 
to the y-axis, in agreement with the theory given above, that at 
small densities the frequencies of rotation are no longer dependent 
on the density. 

In this region of densities the rotatory energy is determined as in 
the simplified scheme of Erysrein and Srren or of OosTeRHUIS, in 
which to all the molecules the same velocity of rotation was ascribed, 
or better in the more elaborate theory of Hotm’), in which the 


1) E. Horm. Ann. d. Phys. (4) 42 (1913), p, 1311. This theory, in which in the 
system of rotating molecules all frequencies occur, and for the distr:bution of the 
molecules according to the frequencies, in a way analogous to that which PLANCK 
in his recent theory followed for linear oscillators, the plane in which the condition 
of a molecule rotating about one axis is represented by the valves of its azimuth 
and moment of momentum, is divided into regions of constant probability limited 
by energy curves wee is consistent with the resu'ts of BJERRUM and E. 


2 
v. BAHR concerning the discontinuous character of absorption spectra in the 
infra-red of gases of not too high densities, if it is assumed that the absorption 
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distribution of the velocities of rotation over the molecules is taken 
into account. 

Resuming we may conclude, that the observations by PERRIER and 
KAMERLINGH ONNES concerning the susceptibility of liquid mixtures 
of oxygen and nitrogen, although they do not furnish an experimentum 
erucis between the theory of the negative molecular field and the 
application of the quantum-theory on paramagnetism, nevertbeless 
fit without any constraint’) into the whole scheme which can be 
built up on the basis of this application. 


§ 6. The results of the former § concerning the dependence of 
6, on the density lead to ihe following inference regarding the 
influence of the rotatory motion on the external pressure. For those 
densities at which w, is determined by the equations (4) and (5), 
and at which 4, = 97, the energy w, and also the entropy s, for 
the rotatory motion are represented by the same functions (only 
with another value of 4) as the corresponding quantities for the 
translatory motion in an ideal gas. 

In that case the rotatory motion gives a contribution to the external 
pressure similar to that of the translatory motion. The ratio of this 
contribution, for one degree of freedom, to that which in an ideal 
gas is due to the translatory motion, approaches to 1 at increasing 
temperature *). 

At small densities, however, viz. in the region in which 6, does 
not depend on g, the rotatory motion does not give a contribution 
to the external pressure. This agrees with what has always been 


of radiation energy supplied from outside only occurs when the representative point 
has arrived at one of the limiting curves mentioned above (for instance in conse- 
quence of the probability of emission on reaching a limiting curve, cf. PLANCK, 
Theorie der Wärmestralung, 2te Aufl, $ 151, being changed by the presence of 
the radiation from outside) The observations by E. v. Baur, Verh d. D. physik. 
Ges. 1913, p. 1150, concerning hydrochloric acid seem to be more favourable to 
this view than to a distribution, in which, in the plane mentioned above, only the 


ed 


energy curves (n+ a is are covered with points, which is the assumption 
alluded to in the note quoted p. 112, note 1. 

1) The views advanced in this § about the coming into the foregrond of the 
frequencies of rotation of the individual molecules are in fact, as will appear again 
in § 6, a necessary complement for small densities to the theory of Suppl. N°. 324. 

2) [ find that A. Wont, ZS. physik. Chem. 87 (1914). p. 9, by quite different 
considerations was also led to the suggestion that at large densities the molecular 


rotatory motion may give a contribution to the external pressure. (Note added in 
the translation). 
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derived for an ideal gas, e.g. from Borrzmann’s entropy principle, 
cf. Suppl. N°. 24a § 4, or from the virial theorem. Conversely it 
necessarily follows from this, that in Fig. 2 the @,, e-curve at the 
small densities must change its direction to one parallel to the e-axis, 
as is clearly indicated by the point 9 = 0.08. 

In conclusion we will return for a moment to the assumption 
rigidly adhered to in this paper, viz. that the presence of the nitrogen 
molecules does not exert any influence on the distribution of the 
rotatory energy of the oxygen molecules. The following mechanism 
would be in accordance with this supposition: the oxygen molecules 
behave at a collision (at least with the nitrogen molecules) as rigid 
smooth spheres, they carry a (magnetic) doublet (or have according 
to Suppl. N°. 324 $ 7 a magnetic moment in consequence of a 
rotation about an axis of small moment of inertia with zero-point 
energy in the temperature region considered); the nitrogen molecules 
have a structure such that they do not exert a directive force on 
the oxygen molecules. The object of this suggestion is, however, no 
other than to show that the assumption mentioned above is not an 
impossible one. 


Chemistry. — “The Allotropy of Cadmium. IIT’. By Prof. Ernst 
ConeN and W. D. HELDERMAN. 


The electromotive behaviour of Cadmium. 


1. The dilatometric measurements made with cadmium which had 
been deposited electrolytically, bad shown *) that this material is a 
modification which is not stable at room temperature. This corre- 
sponds with the result found by Ernst Conren and EK. Gonpscamipt *) 
in their investigations on the electrolysis of solutions of tin salts. 
When such a solution is electrolysed below 18° C. there is not 
formed grey tin as might be expected, but the modification which 
is metastable at this temperature is deposited. . 

In the following pages we give an abbreviated account on the 
investigations we have carried out in order to identify the product 
which is formed during the electrolysis of solutions of cadmium salts. 


2. Some years ago Hunwrr*) deseribed “a low voltage standard 
cell”, represented by the following scheme: 


1) These Proc. p. 54. 
2) Zeitschr. f. physik. Chemie 50, 225 (1905). 
3) Trans. Americ. Electrochem. Society 7, 353 (1905). 
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Cd 


‚Solution of cadmium sulphate  Cd-amalgam 
| of arbitrary concentration | 12.5°/, of Cd by weight 
The electromotive force of this combination is 0.0505 Volt at 
25°.0. The reproducibility is about 0.5 millivolt. The cadmium elec- 
trode of this cell has to be electrolytically deposited, as Th. W. 
Rrenarps and Lrwis') have proved, that only this kind of electrodes 
give a definite potential. Ernst COHEN and SINNIGE®), who used these 
cells in their piezochemical investigations also found that they are 
reproduceable. 


3. Some points in the construction of such cells which play an 
important rôle in the experiments, to be described below, may be 
given here. (Fig. 1 A). 


Fig. 1. 


The glass part is a thin walled tube about 8—10 mm. in dia- 
meter, closed at one end and provided with a platinum wire; two 
ov three centimeters above the closed end is a platinum spiral, with 
its end fused through the side of the tube (the wires are thoroughly 
cleaned with aqua regia before filling the cell). 

In filling, the spiral is pressed to one side and some 0.5 ec. of 
12.5 percent cadmium amalgam is brought into the lower part and 
melted (carefully avoid bringing the amalgam in contact with the 


1) Zeitschr. f. physik. Chemie 28, 1 (1899). 
2) Zeitschr. f. physik. Chemie 67, 1 (1909). 
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platinum spiral). The spiral is then pressed down into a horizontal 
position. The tube is now filled up with a solution of cadmium 
sulphate of arbitrary concentration (the E. M. F. of the cell is in- 
dependent of the strength of the solution). 

In order to produce the cadmium electrode a current of 1 or 2 
milliamp. (1 or 2 milligrams Cd per hour) is passed from the amal- 
gam to the platinum spiral. At least 18 milligrams must be depo- 
sited. The cell may then be sealed off. 


4. We specially call attention to the following passage in Huert’s 
paper: “The electromotive foree of these cells is high when the 
cadmium is freshly deposited, and the length of time required to 
reach the normal value seems to depend on the thickness of the 
deposit. Air free cells and those saturated with Cd/OH), behave like 
ihe others and I have as yet no explanation of the high E.M. F. 
of newly constructed cells.” Our table I shows this decrease of 
potential of newly constructed cells. It amounts to about 1 millivolt. 


TPA BLE ek 


Temperature 25°.0. 
E. M. F. in Volts. 


=i Ue | | | | 

+s ZS After1 After 2/| After 3 | After 4 | After 5 | After 7 | After 8 
| ~ wo | 

S| 5 = day days | days | days | days | days | days 
| TR =) | 

EES | | | 

En ee | 

a. | 0.05156 | 0.05105 | 0.05084 0.05078 | 0.05070 0.05065 | 0.05052 | 0.05052 


| | 
b. | 0.05143 0.05099 0.05082 0.05076 | 0.05068 | 0.05067 | 0.05054 | 0.05056 
c. | 0.05154 | 0.05103 0.05084 | 0.05076 0.05070 | 0.05067 | 0.05056 | 0.05058 


d. | 0.05151 | 0.05099 | 0.05082 | 0.05076 « 0.05070 | 0.05067 | 0.05056 | 0.05056 


e. | 0.05162 | 0.05113 


| 
| 0.05090 | 0.05084 | 0.05074 0.05070 | 0.05058 | 0.05058 


5. These determinations and those to be described below were carried 
out by the POGGENDORFF compensation method. The resistances used 
had been checked by the Physikalisch-Technische Reichsanstalt at 
Charlottenburg-Berlin. The same was the case with the thermometers 
used. Our two standardelements (Weston) were put into a thermostat 
which was kept at 25°.0. We used as a zero instrument a Drsprez- 
pb’ ARSONVAL galvanometer. It was mounted on a vibration free sus- 
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pension (Junius). The readings were made by means of a telescope 
and scale; 0.02 millivolt could easily be measured. 


6. As it was very important for us to get rid of this variation 
of E.M. F. we tried to find its cause. We thought it might be found 
in the electromotive behaviour of the cadmium amalgams, which has 
been studied particularly by H. C. Bur’). 

Fig. 2 contains his results as far as they play a role in our in- 
vestigations. The curves represent the E.M. HE. (ordinates) of cells 
which are constructed according to the following scheme: 


areas 
VA a 
fet 
Aor |e. 


Millivolts 


9390 


980 
? 70 20 J0 40 50 60 70 go 90 
At. °/) of cadmium. - 
Fig. 2. 


nele Solution of cadmium sul- | 
a | phate (765.4gr. CdSO, | Hg,50,— Hg 
SRD SSA. | 8/, H,O per Litre) | 
The abscissae represent atom per cents of cadmium. 


1) Zeitschr. f. physik. Chemie 41, 641 (1902). 
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From the drawing it can be seen that the E.M.F. of these cells 
at 25°.0 is independent of the concentration of the amalgam when 
its concentration lies between 9.0 and 24.4 at.percents (i.e. 5.9 and 
15.4 percent by weight). As soon as the concentration decreases below 
5.9°/, by weight (when we pass from, the heterogeneous amalgams 
to the homogeneous, (ef. Bu1’s paper Fig. 3) the E.M.F. varies with 
the amount of cadmium present in the amalgam, the potential against 
pure cadmium increasing with decrease in the percentage of cadmium. 

7. In the light of these facts the high E.M.F. of freshly constructed 
cells becomes intelligible. 

During electrolysis the cadmium which is deposited on the spiral 
is withdrawn from the upper layer of the 12.5°/, (or stronger) amal- 
gam, which was originally a two phase system. It is thus possible 
for this layer to become a monophase system and if this is the case 
the E.M.F. will tncrease when electrolysis is continued. After the 
formation of the cell its E.M.F. will then be too high. In the long 
run cadmium will diffuse to the upper layer: this becomes again a 
twophase system and the E.M.F. will decrease and finally becomes 
constant. 


8. In order to check this supposition we carried out the following 
experiment: We put two platinum spirals into the H-shaped tube 5 
(Fig. 1). Into the right-side tube we put some 1°/, (by weight) cad- 
minum amalgam (99 parts by weight of mercury, 1 part of cadmium). 
This amalgam is a fluid monophase system at ordinary temperature. 
We filled the tubes with a dilute solution of cadmium sulphate (half 
saturated at 15° ©.). After this the cell was formed in the way 
described above. (1 milliampere). 

After having deposited 20 or 25 milligrams of cadmium on the 
left-hand spiral, the capillary tube on the right was brought into 
connection with a waterpump in order to remove the amalgam. A 
number of small pieces of the 12.5°/, amalgain were then substituted 
for this. 

These cells give at once an E.M.F. of 0.0503 Volt when they are 
put into a thermostat at 25°0 C. It is evident that our assumption 
made above ($ 7) is correct. 


9 All the cells we investigated have been produced in the way 
described ; it is now possible to measure their E.M.F. at once with- 
out waiting for 8 to 14 days before their becoming constant. 


10. Our dilatometrie measurements with cadmium which had been 


12% 


electrolytically deposited gave the result that this material only under- 
goes transformation at temperatures below 100°, if it has been in 
contact at 50° (100°) with a solution of cadmium sulphate. 

The probable and obvious conclusion is that by electrolysis we 
get exclusively 7-cadmium, the modification which is stable at high 
temperatures. If this were the case, the y-cadmium would be trans- 
formed into #-cadmium at 100°, into a-cadmium at 50° in contact 
with the solution of the sulphate. 

If now the y-modification is really generated by electrolysis, 
(analogous to what happens with solutions of tin salts) the Hunerr 
cells which have been measured until now would contain this 
material as the negative electrode. 

If this modification happened to be transformed into the moditi- 
cation which is stable at ordinary temperatures and pressures (1 atm.), 
this would manifest itself by a decrease in the E.M.F. 

On the one hand we are working in this case under extraordi- 
narily favourable circumstances for stabilisation (change into the 
a-moditication) as the material formed electrolytically is in a very 
fine state of. division and surrounded by an electrolyte, while the 
quantity which has to undergo transformation is so very small 
(20 or 30 milligrams), that the transformation, if it oecurs, will be 
finished in a short space of time. 

On the other hand, and this is to be borne in mind in researches 
of this kind, the possibility exists that the transformation which has 
to take place spontaneously, may be suspended, if the metal depo- 
sited by electrolysis forms only one single modification, as the germs 
‚needed for transformation are then absent. 


11. That the stabilisation generally does not occur is shown by 
our dilatometrie observations as well as by many other facts i.e. by 
the experiments of W. Jancer,’) Ernst Conrn,”) Bir?) and Hunert,*) 
who all found the same E.M.F. (50 miltivolt at 25° C.) for cells 
which were constructed according to the scheme: 


Cd | Solution of | Cd-amalgam 
12,5 per cent 


electrolytically cadmium 
deposited | sulphate | by weight. 


How obstinately the transformation may be delayed might also 


1) Wied. Ann. 65, 106 (1898). 

2) Zeitschr. f. physik. Chemie 34, 612 (1900). 

3) Zeitschr. f. physik. Chemie 41, 641 (1902). 

4) Trans. Amer. Electrochem. Soc. 7, 333 (1905). 
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be inferred from Heuerrt’s*) words: “many of these cells are still 
in good order after five years.” 

This would be in perfect accordance with our own experiences: 
Crark-cells which contain ZnSO,.6H,O as solid depolariser preser- 
ved their E.M.F. for five years notwithstanding their having been 
standing at room temperature, i.e. 25 degrees below the transition 
point of ZnSO,.6H,O. As in the case of Hunter's cells they had 
been sealed up after formation. 


12. On account of these observations it might be expected that 
even under circumstances favourable to a transformation (stabilisation) 
of the negative electrode only a certain number of Huzerr cells 
would show the transformation. 

On December 11' 1913 we prepared three H.C. (N°. 1, 2 and 5) 
in the way described above (§ 3) at room temperature (380 mgr. Cd on 
the spirals). We then substituted a 12.5 percent cadmiumamalgam 
for the | percent. The E.M.F. was now 0.0508 Volt. After standing 
for two months at room temperature the cells were measured again 
on February 26 1914. The E.M.F. of 1, 2 and 5 had decreased to 
00475 Volt at 25°.0 C. and this value remained unchanged. As 
might have been expected the E.M.F. had decreased by stabilisation 
of the cadmium. 

13. We prepared two new cells (nos. 6 and 7) in the same way 
as 1, 2, and 5. Immediately after the preparation their E.M.F. were 
0.04847 and 0.04795 Volt respectively. Some days later these values 
beeame constant: 0.04788 and 0.04778 Volt. Stabilisation had begun 
already during electrolysis. 


14. In order to determine whether «-cadmium is formed during 
electrolysis if, this modification is present on the spirals before electro- 
lysis begins, we shunted the cells 6 and 7 in a current of 1 milli- 
ampere. In this way we deposited upon the «-cadmium which was 
present, a fresh quantity of 30 mgr. 

After formation we put a fresh (12.5 percent) amalgam into the 
cell, while a fresh solution of cadmium sulphate was also introduced. 

Subsequent to this treatment the E.M.F. at 25°.0C. was again 
0.05026 Volt which proves that y-cadmium had been formed on the 
old layer of a-cadmium. 


15. On continuing our experiments we found that on one oceasion 


1) Trans. Amer. Electrochem. Soc. 15, 435 (1909). 
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cells of 0.047 Volt K.M.F, on another, cells of 0.050 Volt E.MF. 
were obtained. 

As our dilatometrie measurements had shown that stabilisation 
occurs with great velocity at 50°, we prepared cells (C and QO) at 
47°.9. The dilute amalgam was then taken out and an 8.5 percent 
(by weight) amalgam was put in, while a fresh solution of cadmium 
sulphate was used. We substituted an 8.5 per cent amalgam for a 12.5 
percent as our intention was to measure these cells also at O° C.; 
At this temperature the 12.5 percent amalgam is a monophase sy stem 
and such a system must not be used. 

In this way we found at 25°.0 C. 


Cell C: 0.04745 Volt. 
Cell O: 0.05022 _,, 


The cadmium in eell © had thus been stabilised at 47°.9. 


16. In order to check the results found up to this point we also 
determined the B. M. F. of our stable and metastable cells at O° C. 
If the differences in E. M. F. at 25°.0 between the different cells 
were really to be ascribed to the presence of a-cadmium (cell C) and 
y-cadmium (cell O) the difference which was at 25°.0 C. 2.8 millivolt 
ought to increase at 0° C. as we are at that temperature at a greater 
distance from the metastable transition point e-cadmium = y-cadmium. 

The measurements at O° C. gave the following results: 


cell C: 0.05225 Volt. 
cell O: 0.05626 „„ 


While the difference was 2.8 millivolt at 25°.0 C. it has increased 
as might be expected to 4.0 millivolt at 0° C. 


17. Several phenomena which are described by Hurerr, but which 
are obscure until now may find an explanation in tbe light of our 
experiments. Hurerr says: “A number of cells were made with addition 
of Cd(OH), thinking this might make a more uniform cadmium 
deposit; also the air was completely removed from three before 
sealing, and in others the air was removed and the cell saturated 
with nitrogen and with hydrogen. All of these gave very variable 
results, but in each case only 10 milligrams of cadmium had been 
deposited on the spiral, and | have lately learned this is too little 
cadmium, since some cells prepared as above described, excepting that 
only 10 mg. of cadmium was deposited on each spiral, showed the 
same irregularities and tendency to constantly decreasing electromotive 
force. These cells were recently all discharged and then reversing 

9 

Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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the current about 26 mg. of cadmium was deposited on each platinum 
spiral, and they seem to be all coming together nicely and to the 
value indicated by the old cells”. 


18. Our observations agree perfectly with those of Hererr but 
we have to add the following restrictions: A number of our cells 
in which only 10 mgrs. of cadmium were deposited indicated imme- 
diately after formation an E. M.F. of 0.0502 Volt at 25°.0 which 
decreased during 2 days. Then it became constant: 0.047 Voit. 
Transformation into «-cadmium had consequently occurred; the fact 
that only a small quantity of cadmium is present causes the H. M. F. 
to reach very: soon its definite lowest value. The phenomenon obser- 
ved by Hererr is therefore the quick stabilisation of y-cadmium. 


19.. Prof. Hurerr has been kind enough to communicate to us 
the following facts: “Twelve cells which had been sealed after 
formation remained unchanged from March 18 1905 to May 7% 1914, 
i.e. during 9 years. Their E.M, F. has been during all this time 
0,0505 Volt. The quantity of cadmium on the spirals varies between 
3.7 and 13.7 mers. of cadmium”. 


20. The decrease of E.M. F. which had been observed with cells 
which contain. only 10 mers. of cadmium is consequently not to be 
ascribed to the minute quantity of metal *) deposited on the spirals; 
this quantity is much less in the cells which have been constant 
during 9 years. The reason of the decrease in E. M. F. of those cells 
is the transformation of y-cadmium into «-cadmium. 


21. In order to check this conclusion we prepared a number of 
cells (at room temperature) which only contained 5 mers. of cadmium 
on the spirals. Some of these remained metastable (0.050 Volt) while 
others were transformed into the stable form (0.047 Volt) after some days. 


22. Although the discussion of a number of questions must be 
delayed until a subsequent paper, we will mention here the behaviour 
of cadmium which has not been formed by electrolysis. 

In our second paper we stated that a piece of cadmium chosen. 
at random which had been produced from the molten metal contains 
three modifications: a, B and y-cadmium. If such is the ease, it might 


1) OBERBECK found [Wied. Ann. 31, 337 (1887)| that a layer of metal A of 
210 mm. suffices to give to a metal on which it has been deposited the 
potential of A. As the surface of the spirals in the H. G. was 0,28 cm ® the layer 
of cadmium deposited is much thicker. 
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be expected’ that the potential of such a material against cadmium 
which has been formed by electrolysis should be zero. In erder to 
test this conclusion we carried out the following experiment: We 
prepared a certain quantity of electrolytic cadmium (Prep. A) (Comp. 
our second paper § 8) and determined (at 40°) the potential diffe- 
rence between this material in a solution of cadmium sulphate which 
was half-saturated at 15° C. and: 
1. Cadmium, which we received from KanLBaum (molten) in a 
finely divided state (Prep. B). 
2. Cadmium which we had used in our dilatometrie measurements ; 
in this material the presence of y-cadmium was presumed. (Prep. C). 
Making use of the small apparatus shown 
in Fig. 3 we first determined the potential 
difference between two samples of the same 
material, subsequently that between samples 
of different preparations. In this way we found: 
E.M.K. of A against A = 0.000037 Volt. 
ven 3 = 0.000018 Volt. 
Derr Bata }= 0.00000 Volt. 
BESME DER A 3. B=0:090037 Volt: 
5 AG ine ERS OSL 


From these measurements we see that y- 


cadmium is really present in our preparations, 


Fig. 3. as the dilatometer had shown. 
Utrecht, May 1914. VAN ’r_ Horr- Laboratory. 


(July 3, 1914). 
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Mathematics. — “A triple involution of the third class.” By 
Professor JAN DE VRIEs. 


(Communicated in the meeting of May 30, 1914). 


1. I consider the projective nets of conics represented by 
Adz? + Naz" + d"a,"? = 0 and Abr + dbz" 4 Abr = 0° .. (1) 
The points of intersection of corresponding conics form a quadruple 
involution *). 
On the straight line YZ, which we may represent by ej, = ey; + 
+ oep, the two nets determine the pairs of points, indicated by 


2 (9? ay? +2096a,a;+0°a.") = 0 and 4 (9%b,* + 290b,b:+-0°bz") = 0. 
3 3 


These equations produce the same pair of points, as soon as the 


relations 
Dhay? = 1+ Eb, Zas =rt Ebb, Zdar =tE Ab. 
3 3 3 3 3 3 
are satisfied. 
By elimination of 4, 2, 2" we find from this system the relation 
| ay?—tby’, ayaz—tbybz, az —1b?’ AE or (°-) 


1) This involution is an intersection of the linear congruence of elliptic twisted 
quartics, which I have considered in my communication in vol. XIV, p. 1127 of 
these Proceedings. 
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ind 


o 


trom which it appears that YZ contains three pairs of the involution ; 
the latter is consequently of the third class. 


2. We shall now suppose that the two nets have a common base 


point A ; 


they produce then a triple involution of the third class. 


We 


choose the base point A for vertex QO, of a triangle of co-ordinates. 


Through O, pass oc‘ conics 


of the first net, 


which are touched 


there by the corresponding conics. For we have the conditions 


24g, cS bs and Zia, =e Sb, 
3 3 3 3 


so that the parameters 4, 4’, 4” 


are connected by the relation 


| > 
| aay ek | 
mal = (3) 
| 2a,,4 2b,,a | 
SE 3 
Now we find from (1) 
| 12 lg 
ay dz 
1 i etc. 
Galen nn as 


ht 


If we substitute these formulae 2, 2’, in (3), an equation of the 
eighth order will arise. The locus of 1 pairs X', X" of the triple 
involution (X*) associated to O,—=A is therefore a curve of the 
eighth order, which we shall indicate by «°; A is a singular point 
of order eight. 

By (3) two projective sy ead with index two are separated from 
the two nets, which systems produce the curve a‘. Their intersec- 
tions with the arbitrary straight line rv, are the coincidences of the 
(4,4), which the two systems determine on 7. If 7 is laid through 
A, the free points of intersection are connected by a (2,2); one of 
the 4 coincidences of this correspondence lies in A, because two 
homologous conics touch each other and 7 in A. Hence it appears 
that the singular curve a? has a quintuple point in A. This corre- 
sponds to the fact that (1°) must be of the third class; the three 
pairs on a straight line. r laid through A are Saya by A with the 
three points in which # is moreover cut by a*. The line a= NX" 
envelops a curve of the fifth class; for of ies system (wz) only the 
lines which touch a° in A pass through A. 


3. A is not the only singular point of (X*). The homologous 
conics intersecting in a point Y are determined by 
ha,’ = 0 and Ab, a0 
3 3 
If these equations are dependent, Y becomes a singular point. 
LO* 


136 


Through Y pass then two projective pencils of conics, which deter- 
mine a quartic represented by 

[afs as Ob eee | eta) 
or also by 

[5 VEE. {28 

The singular points are determined by the relations 

aj Gy? ay 
be ENDE 


ee. ke! en 


Now the curves a,? b,'? = a," b,? and a,? 6,2 = ay? b,? have apart 

from the point QO, (which is node on both) 12 points in common. 
To them belong the three points, which a,*=0O and 6,2 =0 have 
in common apart from O,; they do not lie, however, on the curve 
ay’ b,'" = a,'" by”. There are therefore, besides the singular point A, 
nine more singular points Bj; the pairs of points, which form with 
Bx groups of the involution (X*) lie on a curve 3;', so that By is 
a singular point of order four. 
_ The singular curve 8,’ is produced by two projective pencils with 
common base points A and Bz; it has therefore nodes in these two 
points. From (4) and (5) it appears that this curve also passes through 
the remaining singular points. The straight lines 2, which contain 
the pairs X’,X’’ lying on 37°, envelop a conic. 

As @x* passes through A twice, there are in (X") two groups in 
which the pair A,4;, occurs; so Bj belongs twice to a’. This singular 
curve has therefore besides its quintuple point A, nine more nodes 
Br, is consequently of genus two and of class 18. 

On each of the 8 tangents of «*, passing through A, two pairs 
of the (X*) coincide; from this it ensues that the straight lines s 
on which two pairs have coincided, envelop a curve of class eight, 
which we indicate by (s),. 


4. We can now determine the order «x of the locus 4 of the 
pairs of points XX’, X’’, which form groups of the (X*) with the 
points X of a straight line /. As a“ contains eight points of 7, A 
passes eight times through A; analogously it has quadruple points 
in Dr. The 2 points of intersection of 2 with an other straight line 
/* are vertices of triangles of involution, of which a second vertex 
lies on /, so that the third vertex must be a common point of 4 
and 4*. As these curves, besides in two vertices of the triangle 
determined by the point //* and the z points mentioned, can only 
intersect moreover in the singular points, we have tor the deter- 


ri 
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mination of z, the relation 2? = # +2-+ 8 +9<4'; hence #==15, 

The transformation (X, A), which replaces each point by the two 
points, which (X*) associates to it, transforms therefore a straight 
line into a curve of order fifteen with an octuple point and nine 
quadruple points. 

As U contains three pairs X,X’, which supply six intersections 
with A**, the curve of coincidences d is of order nine. Apparently 
d° has a quintuple point in A and nodes in By. 

With a’, d* has 56 + 9X 4=66 intersections in A and Bz; 
the remaining si are coincidences of the involution of pairs lying 
on «*. Analogously we find that /* has four coincidences on B,'. 

The supports d of the coincidences envelop a curve of the tenth 
class (d),,, which has a quintuple point in A. 


5. The locus of the pairs X’, X’’, which are collinear with a 
point /, is a curve e°‚ passing twice through where it is touched 
by the lines to the points #’ and £’’, which form a triangle of 
involution with /. It is clear that «* will pass three times through 
A and twice through each point B; it is consequently of class 30. 

To the 26 tangents of «*, passing through Z, belong 10 lines d; 
the remaining ones are represented by 8 bitangents, which are 
straight lines s. 

If ZE is brought in A, then «§ passes into a’. For a point Bj «° 
consists of Bf and a curve ¢*, which passes through A and the 
points 4, and has a node in Bj. The two curves have 14 inter- 
sections in the singular points; the remaining two are points EZ’ and 
Li’, belonging to H= Bj. The 6 tangents passing through Bj 
at ex are supports of coincidences; the curve (d),,, has Bj for 
node. 

The curve « has with d° 51 intersections in A and Bz; of the 
remaining common points 10 lie in the coincidences mentioned above, 
of which the supports d pass through Z. Consequently there lie on 
e° 11 coincidences X= X’, of which the supports do not pass 
through ZZ, whereas X’ and X’’ are collinear with Z. These 11 
points belong to the curve s,, which contains the points X, for 
which the line «= X’X’’ passes through Z. The curves ¢® and Ey 
also have the points W’ and £’’ in common, forming a triangle of 
involution with £. As Mis collinear with 5 pairs of the J? lying 
on @ and with 2 pairs of the /? lying on Bj, &, passes five times 
through A and twice through 2. Consequently «° and e‚ have in 
all 3&5+9X2-+13= 64 points in common; the locus of X 
is therefore a curve e,°. 
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As HÉ is collinear with 5 pairs’) X’, X” of a’, and with twò 
pairs of 1, €,° has a quintuple point in A and nodes in Sy. 

If ZE is brought in A, e„° coincides with a’. 

For B, «,° consists of the curve ~,* and a curve *3,‘, which 
passes three times through A and once through the 8 points Az. 

The intersections X of «,° with the straight line / determine 8 
lines «= X’X’’ passing through #; we conclude from this that z 
envelops a curve uf the eighth class (l),, when A describes the straight 
line J. In confirmation of this result we observe that with the 8 
intersections .Y of / and e* correspond the 8 straight lines passing 
through A(X’’) to the associated points A7. 

As (U), must be rational, consequently possesses 21 bitangents, 
/ contains 21 pairs X,Y, for which the corresponding points A’, A; 
Y’,Y”’ are collinear. 


6. An arbitrary straight line contains three pairs (.Y’, X"),(¥’, 1°"), 
(Z’,Z") of X*; the corresponding points X, Y, Z apparentiy form 
a group of a new triple involution*), which we shall indicate by 
(XYZ); it appears to be of class 21. 

Apparently (XYZ) has singular points in A and B, Let x be 
the order of the curve «@, which contains the pairs }, Z, belonging 
to N= A; let further y be the order of the corresponding curve 
pj belonging to By. 

Let the straight line / be described by a point Z, the associated 
pair XY will then describe a curve 2, the order of which we shall 
indicate by z. If attention is paid to the points of intersection of / 
with @ and 87, it will be seen that 2 must have an z-fold point in 
A, a y-fold point in By. 

In order to determine the numbers #, 7,2, we may obtain three 
equations. 

We consider in the first place the intersections of the curves 4 
and «, which are determined by the straight lines {and mm. To them 
belong the two points which form a triplet with lm, further z points 
Z, for which X lies on / and Y on m; the remaining intersections 
lie in the singular points. So we have the relation 

2? = Of ae ere ese. oe 

Let the curve a® be described by Z, then the figure of order 82, 


1) The curves 28 and e° have 3X5+9X2X2=51 intersections in the 
singular points; they have 3 more points in common on FA; the remaining 10 
intersections form 5 points 1’,A” collinear with £, From this appears anew that 
the curve of involulion z® is of class 5. : 

2) This property is characteristic of the triple involutions of the third class. 
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which is described by the pair X, Y, will be the combination of 
twice a*, five times a* and twice 77. 
Hence 
Cea EG te Se ROY te de at He Wee Anseele Paas (TE) 

If Z describes the curve *3,*, the corresponding figure of order 4z 
consists of the curve @,%, of three times at, and of the 8 curves 
Bry (kh = 1). Hence: 

Beg ee Aes Se OY ra aes) ad ate TES 

Out of (6), (7), (B) we find by elimination of 2 and y, 

2° — liz + 882 —= 0; 
so z is equal to 63 or 14. The second value, however, must be 
rejected ; for we have proved above, that (XYZ) is of the class 21, 
so that / has 42 points in common with À at the least. So we find 
the values 
208, de 40; wl 

For the involution (XYZ), A is a singular point of order 40, 
Bx a singular point of order 16. 

As l and 2 besides the 21 pairs already mentioned can only have 
coincidences in common, the curve of coincidences (XYZ) is of 
order. 21, 0”. 

Apparently a“° has in A a 20-fold point, 27° in Bj an eight-fold 
point; in these points d** has the tangents in common with «°° and 8/**. 

If X is placed in A and Y in Bj, e— X' X" envelops a curve 
of the 5 class, y= Y'Y" a conic; so there are 10 straight lines 
«= y. From this it ensues that the singular curve af° has ten-fold 
points in Lj. In a similar way we find that the curve (;'* has 
quadruple points in /4,; it passes ten times through A, eight times 
through Bz. 


Mathematics. — “On the functions of Hermite.” (Third part). 
By Prof. W. Kaprryn. 


(Communicated in the meeting of May 30, 1914). 


12. After having written the preceding pages, we met with two 
important, newly published papers, on the same subject. The first by 
Mr. H. GArBRUN: “Sur un développement d’une fonction a variable 
réelle en série de polynômes” (Bull. de la Soc. math. de France 
T. XLI p. 24), the second by Prof. K. Runer ‘ Ueber eine besondere 
Art von Integralgleichungen” (Math. Ann. Bd. 75 p. 130). 
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In this section we will give their principal results though not 
altogether after their methods, and make some additional remarks. 


13. Mr. Gatprun considers the question of the expansion of a 
function between the limits « and 5, in a series 
Fe) — Alt, («) ar AH, (x) +r © 
where 
b ‘ 


| kak 
= Hai 7g p10 lode 
a 


A, 


He finds that this expansion is possible when /(«x) satisfies the 
conditions of Diricurer between the limits a and J. This agrees 
with our result in Art. 7, the only difference being that our limits 
were —o and +o. This difference however is not essential, for 
considering a function which has the value zero for all values 
a>2>6 Art. 7 gives immediately the expansion of Mr. GArLBRUN. 

His proof rests on two interesting relations which may be easily 
deduced from the formulae in the first part of this paper. 

The first relation 

> Hy («) Hy (a) Ki 1 4 Hp (#) H, (a) — Hy () Ht: (a) 
À 2p! 2nt ln! a 


(29) 


may be established in this way. 
According to (5) we have 
20H, (v7) = Hpi (#) + An Hir (a) B 
2aH,, (a) = Hr (a) + 2nF, - 1 (a) 
Multiplying these equations by H,(a) and H,(~) we find by sub- 
tracting 
2 (« —a) He, (©) An (a) = Hr (©) H,, (a) — Ho («) Hi (a) 
— 2n [HA («) Hoi (a) — Hr («) Ho (a). 
Hence, putting for n successively 0,1,2,..n, we get 
1 | 2(¢-a)H,(w)H,(a) = He) H (a) Ho) He) 


| 


2(w 7 a), («)H, (ol (7) H,(a)-A, (x) H,(a)-2 LH, (a) (a) -H (x) H,(a)| 


2(a—a)H,(w)H,(«) =H, (a), («) HW) 1, (@) -4[ 1, (@) A (a) (a)H,(«)) 


bo 
bo 
— 


1 


2n nl 


2(w—a)H,(x) H, (a)=,41(2) H,(a)-H, («) Ht \(«)- 
—2n| H,(x)H,, —\(a)-H"(«)H,(a)]. 


1 


Multiplying these relations with the different factors written on 
the left, the addition of nee proud en Fy gives the formula 
in question. 


The second relation 


LZ 


o HT, («)H „— . 2 
se efo de rae Gan GE 


1 2" ‚nl! 


0 


may be obtained by introducing (9) into the first member. . 
Thus we get 


1% H,(«)H,—\(2) ras 
RCT 
3 Onn et ; 0 fi eit 
ae as WN et nm Pe ak no 
=— > — fe 4 u®cos | zu — — du fe—*v"—|sin{ av — — | dv 
an a | 2n nt 2 2S 
0 0 Bo 
where i | k 
1 0 uwv. ’ nn nt 
== > ——_ cos | ou —.— J ant MD |= 
v 1 2".n/ 2 2 
cos LU sin Tv & urkyrk sin au cos wv A ari urk+ly2k+l 
= v 1 22k (2h)! yt. 4 QFQk + 1)/ 


uv uw : : uv uv 


cos vu sin av (fe He ? 1 sin xu cosav (e2—e ? 
Dae Me ase Wy 2 Gi 2 
| Kd 


Substituting this value, it is evident, according” to the formulae ot 
Art. 6, that all the terms of this sum vanish except ons the term 
corresponding to —1. 


Hence 
oO @ I ; 7 
o H 7 An == (if ot: Cad vu sin oo As 
> nt) Hs Jet du dv, 
1 2n ‚nl! v 
and because , 
: . a u? 
Three ee Ô ef 
4 MRTT NOR eG kaa a ate ra 
' 72 ; . 264.4 . 
0 
vr 
© He) Hare 1 * Ta sin av 
SS HL, ()Hn—a(#) = ne eu? e dv ° 
1 2 ‚nl! Vn v 


If now we multiply the equation (a) by dv and integrate between 
‘QO and «x, we have 
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& u? ly 
, 4 Sw EU = 
fe 5 n= Vin fe de, 
u 
0 0 
thus finally 
Ai 
> Elei) =e” fe” de. 
1 2n nl 
0 


14. Prof. Rurer gives the solution of the integral equation 


Of KO 9 ua) de Gere 


where f(u) and K(x) are given functions and g (2) is required, by 
means of Hermitr’s functions. 
He assumes 
K («) = e—* [a,H,(x) + a, He) + a, He) + …] 
yp (a) = er [bAL(E) +b, H,(a) + by He) +] 
which gives 


a 


J(u) = San by fi Hy, (a) ut) HI, (u + «) de 
or, after some reductions 
4 u 
Vis aa cat) 
fu =—= TV (— Dy "anhe ~ , 
Pao 


(Vz etn 
If now, the given function /(«) is expanded in this form 
Es u u 
= AL Th 
VRD (7) (7e) 
——e c nf + ¢, ——— 
V2 V2 (wa) 


we have from (31) 


de 


fy = 0,05 5) Cy. == 050) = 0,0, > C= ee te 2 
and it is evident that from these relations the coefficients 4 may be 


determined. If /(w) and g(x) were the given functions, the same 
relations would be sufficient to determine the function K (2). 


15. The preceding reduction rests on the formula 
ety 1 
H, S= [A,(2) + CH) Hy) HC" Hola) Hy) +. 
i JE) Wa = (2) + (el) + o() (4) + 
+ Cy) (32) 
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where C! are the binomial coefficients. This relation may be obtained 


in the following way. 
According to Art. 8 II we oa 


hell HO) + = _ A, @) — = Hy, (sb - 9 + (p) 


and, expanding by Taytor’s eee 


F («+ hy +) 
P(e) =e"-F 
d d 
ey? er Hi =| ey? H ile ele |Het 4 | 
dn dy 


erde de Cr 0 an pa 
ne mc ES Ber el ee ; 
TEN ee aon, er dae eae | 


which may be written 
k? 
erg 2 = 1 — AH (@) HH) +5 [H(A (0) HH) (9) 


where 


me == jes 
1 9] 


h 


ct 
Putting now z= a in (p) and a in (q) we get 


z lids A GRP cee) 
ere — an, (2) (7e sare 


/ 
ME = 1 — U, (©) + HW) + 


2 


h 
+ ——— [H, (2) + 2 7, (#) A, (y) + 4, (9) +. 
(V/2)?2! 

4 fin 
Comparing the coefficients of = in the second members we obtain 

n. 

the required relation (31). 

Proceeding to the reduction of the integral 


M le HT, (x) e~@e#*? HT, (u He) da 


GE 


we put, according to (2) 


m 


d 
Hy (2) = (Iver Se”) 
dam 
then 
oo 
qm 
i if, (et) er ete)? Ho (u He) de. 
( yi 


== 00 


Now, integrating by parts we have generally 
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im fv ao ae 


dm—-1V dU dm? a ; dm U 
fe ee : V 


if dnp 
U 
dum 


thus, assuming 


8 tej Wi 
EN aS eee 


DR Km and otd 


and introducing the limits — oo and oo 


dn 
M == fers lette)? A, (uta)] de 
am 


oo 


/ din 
| | = (1) AST Ep ee utr?) da 
= (— Dn fe (ut)? Hin (u He) da 


or, adopting 


di u=vV2 ee 
V2 


(—1)m fr (a 
MS ee Fe 5 FD ton 
TR Ne ee 


id 


Applying now the relation (32), it is evident that the integral 
reduces tothe first term, thus 
CID", Anta (0) 

Va | (Van 


(eon nek (7) 


V2 le 
16. We will now compare the preceding solution of the integral- 
equation (31) with the formal solution given by Prof. K. ScHwARZsCHILD 
Astr. Nachr. Bd. 185 N°. 4422). 
Putting 


M= 


or finally 


t=e%, s=e* 
the equation 


fa (i. aF(e) ds = BOT. 
0 


takes the form 
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dj A (e+) F (—2) e-* de. = B (e—*) 
or, assuming 
et F (e—*) = K (a) 
A (e— +4) = p (ute) 
B (e=) =f) 


fo plu + «) dx = f(u). 


Now Scnwarzscump multiplies this equation by e-®%du and inte- 
grates between the limits — oo and + oo, thus 


fr e-Öu du = fr aw fr (u+ x) eu du 


— GO 


= fre evx te fort (v) ev dy 


See 


and puts 


oo 1 co 
F («) = fr edu thus F (a4)= = fre eu du 


2 Lift } 
K (a) == 0 7,04) cede y, La=— [Ke) ex dg 


Si) 


: Meee 
p (vo) = | ®(a) giv dv ¥ P (4) = al? (v) e—® dv 


therefore 
. F(A) = 2aL (—d) (A) 
or 
NAD 
LW =5- EEN 


Multiplying again by ‘eda and integrating between — oo and 
+ o this relation, he obtains 


If now we compare this result with the preceding, we have «... 
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1 0 
FQ)= ff eu du 


or 


ul u 
u? EE Ns 
1 Vie =S ot (7) . (7) 
ie Tar Wa efen RI ate | 


-——— en 8 du. 
Va i one a 
— 00 


The general term in the series of the second member being 


5 
Lel =f 2) > H oe =) e-4u du —V2 fe Per (v) e- Üe2 dy 


ID 


it is obvious that for n= 2 the imaginary part and for n= 24 +1 
the real part of this integral vanishes. Thus for n= 24 


Par == va f et? Hop (v) cos (A v V2) dv, 


ee fee 


where according to Art. 8 II 


gen == oo 42 
“ 5 NN En ) 5 ) 
cos (AvV2)=e = (— 1) 22 pt Hs, (v) 
thus 
2k+1 2 
Poy == (— 1)k2 * Vaie Pak. 
In the same way, we get 
Pei nd ers Ik 2k+1 Vae PH 
and therefore 
ate : Cok É C2k+ 1 
F(a) ioe Zp pk kl Popa 
9 2 

Fay 


= 5 e [> (— IE ea 42k — 74 5 (—1)F conga 244]. 
In the same manner we find 


® (1) = 


é 


= XE (IE bop AU — 1 Z (—1)F bap PAP] 
2V x ; 
and finally 
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2 


K(@) == [ ane eee ee Re) ita he et da. 
Wad, ZI hi Ibo ideht| 
If now the conditions 
Gr ah. ¢, = a,b, — a,b, ¢, = a,b, — a,b, + 4,6, , 


are satisfied, A (vz) must be reducible to 
et [a H, (x) + a, H, (vr) + a, A, («) + ...] 

It is easy to show, that this is the case; for if the conditions are 
satisfied we have 
D(—1)koopd2k + iS (—1) hoop 4 12244 
= (—1)hb0,A2% 4-1 (— 1kboj pdr kt! 
thus 


=O ad Had ... —i(a,A—a,A*-+ ...) 


oo 22 


K («) = —— | e i [Elka A2#-1D(-1)* agp 41 AH (eos da-+-isindc)da 


af * [cos da X (—1)* aop? + sind S (—1)Fagp4 1 AHJ da. 
PT 


or, introducing (9) 

aps 
Cl 
Wars 


Hoz (x) e—? = * 42k cos aw da 


SEP eI TE 
Hoja (2) e= VS e AH sin Ax dd 
x 


K (x) =e [a, Ho (2) Ha, H, (a) + a, H, (2) +...) 


17. From the relation (32) another important result may be 
deduced. For multiplying by e—” dy and ieee between — a 
and oo, this relation gives 


wy Va 
ev H, y == ——_4 
f : ae ze War ze 


or, putting 


Ey aV 2 
Ss ee Ny Va 
: J DE Hi (ade = Van 2. 


Therefore, assuming 
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a2 
| ae at 
ple) = ———— ¢ ? H,(v) 
22V/nl wa | 
we obtain 
zE ag AEG 4 iN 
2 n+l — —(2—_ayV2+2 
Gr(z) eaf rf at 3 pnla)de 


— @ 
thus, in the same way as in Art. 9 
3 4 =. 
= 1 — — (22—-— ar 2 a3 
An = (V/2)"+1,  K(#,a) = —= e -? (: ee ) 
f 3 Va 
Here the value of the function K(rz.e) is finite for zand a + oo. 
In the same manner as in Art. 9, therefore 


0 an 
or 
e— (22a V2 4 2?) — > He) He) 
1 3n+1 
2 2 nl 


which may be verified by (9). 


18. Now, according to the theory of the integral equations the 
determinant (3) of the kernel A(v,@) must vanish for the values 
4= (V2 41 (n = 0,1,2...). 

To examine this, we write D(4) in the form which is given by 
PLEMELJ *) 

De —= — (a, Had Had +.) 
where 


a, = | K (owe, cf Kee, a,—| K (a z)dz,.., 


— GO 


K,(x,a) = fen) Ky_1(y,0) dy (n =1,2.3...) 
and ayy | 
K («.a) = K(«.a) 
From K(zy), which may be written 
K (xy) — Ae—ha?+2kry—ly? 


1) Monatshefte f. Math. und Phys. 1904 p 121. 
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the functions Ä(xy) which have the same form 


K,(«y) == Apo tnt + 2kywy—lny’ , 


may be easily deduced, for 


oo 


a Ne { UF) 9? + (ka Her — (ht * Hdi") dy 


and 
5 g—th % der 
owe dijen | e sy ) dy 
fh etd 
pie 
Vi 
Hence 
me athe 4+-2k,va—l,a? ai 
k' ba Be 
aE | eee Ee re wal bii 8 
= AA Va e ( aa) ik I+hy—1 ( 5 ra) : 
Vhthn—1 
which gives . 
AA = 7 k kn— is 
Ay GE an TEEN Mn za Lp=l—1— 2 . 
fe b-hy—1 LH Ant Ll 
Now, we know 
1 3 
Neh kel 
Vn 2 2 
thus 
1 5 2 5 
ee be == = 
V3n 6 3 6 
cael he 9 Ny he 9 
ne A eae 
1 1 4 17 
Aly — . == an’ 5 eet ee 
V15n 30 15 30 
and 
mht 
1 Intl 1 22 


Li Arend ER . 
Sie le en etl) ott — 1 


This gives 
at 


Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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n+1 
yesh. 
- 1 rhe a Se 1 
Fi sg CD de 
Anti en K n (we) da = VED 2 f. se da == n+l 5 
— @ —n~ Dn eal 


Constructing now, according to Wererstrass, an integral function 
/(4, with the assigned zeros 


1= V2, av ay, 2 = (V2)... - 


we obtain 


(2 x À 
Ae zj TEAC = aed 
or, assuming 7 (0) = 15°60 == z= r 
f(a) = II (1 Aret). 
Thus sy 
[Oe se 


S470) =A ASAE ae 
and expanding the fractions of the second member 
2794 2 eae 


NE ON A See > yt +, 
7 (2) 1 1 1 
Comparing this with 
D'(3) SRE 
TT == a, a, 
te ee + 
we see that f (4) = D(A), for f(O) = D(O)=1 and 
esn GHD ps ae 1 
an+1 ee raul BE En - 
9 2 
Mathematics. — “The theory of Bravars (on errors in space) 


for polydimensional. space, with applications to correlation.” 
(Continuation). By Prof. M. J. van UveN. (Communicated by 
Prof. J. C. Kapreryn.) *) 

(Communicated in the meeting of April 24, 1914). 


In the theory of correiation the mean values of the products 2,77, 
are to be considered; denoting these by 7,7, we have 


1) The list of authors who have treated upon the same subject, may be supple- 
mented with: Cu. M. Scrors. Théorie des erreurs dans le plan el l'espace. Annales 
de |’Ecole Polytechnique de Delft, t IL (1886) p. 123. 


Jo +o 
Bf Y Jh & (bt HRD, „ti UD oil, so 
Wk === —.f.. | aja, e Ak ps 
‘ n und, 
a 2 0 


To integrate in the first place over all the variables 2 except 
x; and a2, comes to the same thing as to drop the g—2 linea 


relations v= Ya; v; (l H=j,4). Thus we start, as it were, only from 
1 
the two equations 


@j = ajir1 + Aj2v +... + ajere, 


Eh = agrv1 + apgvg +... + Apes. 
and find therefore 


VE" bjj ej" H2bjrojor + Oper”) 
MIE == Behe …_ dajdaup, 
= pais je 
where 
. of . ' 
ms 1 _ | bij» br 
=D" bik's buk 
D’ representing a determinant of the matrix 
ran Uji, A2, ese Oje") 
| Uki, Akh2, + +s Af | 
Besides 
=S dh, Gak2,.«. Akay 
De: Saus dia u jes 
hence 
PS hee 
by) = BI Say, 
PWS fe 
bax = — E Sarah, 
bie B Ede. 
By performing the integration we obtain for Nik 
Dj Zajiar 
Njk ST aam aa aS 
2H 2 
and similarly 
ea sn — (bj 2j° + 2bjr jar Orr er”) a Zaji' 
Nij = — v5 — 9 . 
— 0 — 0 


Now the correlation-coefficient 7;, of «; and a; is defined by the 
expression 


1i* 


jk 
ik = Vas 

Nij Nkk 

This correlation-coefficient can therefore also be written in the 
following form 


= aj] Af 
Tike SS ee 
os 
V Saji? = ays? 
or 
B; 
Pik = ——__—.. 
J 
W Bj; Bir 


Introducing the coefficients «;;, we find 
= el aj arl 

VE Ey Ol Ser arl” 

We now will imagine the variable u; to be connected with some 
cause Q;. To express our meaning more clearly: we suppose the 
quantity 2; to be built up of some variables w,, viz. as the sum 
of these variables, in such a way, that in this sum the term w is 


lacking if 2; is not subject to the influence of the cause Q). 
So in the relation 


Xj = Oj, + Oja ur +... pf ajult... + Gye Us 
we have 
aji=1, when @ does act upon zj, 


aji= 0, when Q: does not act upon aj. 


Thus in ef aji* only those terms &,*; &,°,- +€,” occur which 


jl 
correspond to the variables u, u, er Urs due to the causes 
Ops Oh is Qn, actually influencing aj; on the other hand those 


terms are lacking, which owe their existence to the causes not con- 
tributing to zj. 
In the sum 2 &’* aj; az; only those terms e/? occur, for which both 
l=l 
aji=1 and ep= l, that is to say: the terms, which derive from 
the causes Q), acting both upon a; and ax. 


5 


The expression j= & &’ajiaz, therefore may be called the 
ll 


square of the mean value of those elements of 7; and zz, which are 
due to the common causes. 

Introducing for Vn; nin the name: “mean error common to 2; and 
Pe, we may define the correlation-coefficient of the quantities 7; and 
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zr in the following manner, proposed by Prof. J. C. Kapreyn ?), 
The correlation-coefficient rj, of a; and ap is that part of the 
square of the mean error common to xj and x, which is due to the 
common causes. 
Supposing every quantity u; to have the same mean error, or 
EREN AE 4 
we find for 757, 
= ajal 
V da;)?. Pp Ah 
Now 2 a,/* apparently equals the number MN; of the causes acting 
upon 2, ay)? the number Ny, of the causes influencing x, and 
= asje the number Ns, of the causes contributing both to vj and vj. 
Thus, in the case of equal mean errors, we have 


Vik = 


he Nin 
JUT ei 
VN; Ne 
in other words: for &,=—=e, =...=e. the correlation-coefficient 


equals the quotient of the number of common causes, divided by 
the geometrical mean of the numbers of the causes, which act upon 
a“; and zj resp. 

If both 2; and zz are subjected to an equal number (V; = N= N) 
of causes, Vj; of which act both upon w; and «,, then 


in other words: the correlation-coefficient is that part of the causes 
of x; (resp. #7) which also contributes to «7 (resp. «;). 


The expressions for the correlation-coefficients admit of a very simple 
geometrical illustration. 
Calling spherical simplee S, a (g-dimensional) o-gon lymg on a 


g-dimensional hypersphere (extension of the spherical triangle in 
3-dimensional space) we may state that a spherical simplex S, has 


; oe (e—1) 
Bewenices Prod nrters, Po amd acs edges pj, = P; Pr. 


Opposite to the vertex P; we find, in the (e—1)-dimensional linear 
space 2;, the (curved) (v—2)-dimensional face of .S,, which contains 
the remaining e—1 vertices P; (7 =|=2). 

Further we denote by ar, the angle between the linear spaces 
x; and aj, [consequently also between the (@—2)-dimensional faces 


) J. G. Kapreyn. Definition of the correlation-coefficient; Monthly Notices of 
R, A. S., vol. 72 (1912), p. 518. 
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a 


(P icy op DS Pos. ol es and (Pi Po, eh Pein Pi ae a Par 


Building the positive-definite determinant 


| 1 , cos pie 5 “COs Pye er e= ee Geos pip vl 
| Cos Pi2 » ] 9 OM Has Fain. (603 Pop 
| cospig , COSP23 , De pre: 004 Pap | 
| : 5 E : 
| COS Pip 5 COSP2p , COSP3p 4--- 1 


and representing by C5, the minor of cos pjz, we have by the theory 
of the spherical simplexes 
Cer 
cos II, = — ee 2 
VCjj Ci 


Substituting 
bjj=dj" 1 Dijk = 95 Ik COS Pik 

the quadratic form H in the expression for the probability W trans- 
forms to 

H == & jy wy? + 2D bjp a; wy = ZX (qj aj)” + 2 > cos pjk (qj #5) (qr wr). 

This form is positive-definitive, when 

| T>0, 

or, in other words: when the arcs pj, are the edges of a g-dimensional 
spherical simplex. 


Furthermore 
M= Ig: i 
a 

and 

Ha? 

1 

Bx SIE Cjm 

qj Jk 

whence 
B; Cor 
Tik = 23 de = — cos IIi. 


WB;;Bi VC; Cox 

So, putting H in the form 

H == = (qj zj)? + 2 & cos pjr (aj wj) (Gk ax), 

the arcs pj, must be the edges of a g-dimensional simplex and 
moreover: the correlation-coefficients are, but for the sign, equal to 
the cosines of the “opposite angles” Hr. 

In the case of “errors in a plane” only a circle-biangle P,P, is 
to: be considered. Then the are P,P,=p,, equals the angle 1, 
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included by the opposite spaces (straight lines, radii of the circle) 
a, = OP, and zr, =OP,, O being the centre of the circle. 

So, in the case of two variables z, and z, with the quadratic form 

Shut rk btn Ebi, 
we have to put 
D= bna >» By, = 41 Jz COS Pigs 
whence 
J, E= Qi’ Io N° pos 

The correlation-coefficient 7,, now takes the value 

Vb, Di 

Considering the errors in 3-dimensional space, the spherical simplex 
is a spherical triangle P,P,P,. 

The quadratic form /, after being transformed, reads 


Pig == — cos IT: Os 


ae, 25, 2 2 219 a a > » > NS 
H=q, vy +45 vy +: &, $2929 3% 223 COSP. 3 +29,9, Vat, COSP, 5 +29,920 UX, COSP, 4 


The opposite angle 47, of the edge (or side) p,, now merely is 
the angle P, of the triangle. Denoting, for the present, the edges 
(or sides) by p,, p., Ps, SO that 


Pi Pane a ATEA lernt STN, 


we have 
$a eri Peen ie 
and 
cos P, + cos P, cos P, Pis Fis Tia 
GOS Pip — 003 PSS en ON 
OE P, AT EK) 


F1 — cos* p,, — cos’ p,, — CO8*-P‚, + 2 cos p,, COS p,, COS p,, 
= 1 — cos’ p, — cos’ p, — cos* p, + 2 cos p, cos p, cos py. 
Putting further 
PitPrt+P=2s », PL+P,+P,=258, 
we may reduce I to 
T= 4 sins . sin (s—p,) . sin (s—p,) . sin (s —p,) 
= 4 cos S . cos (S—P,) . cos (S—P,) . cos EE 
sin P, sin P, sin P, 


The relation 
PS ajiani  Byx 


ee ig. as 


here involves 


156 


f | bay by; RPS. 
_ B, | ba B53 | In Js SUP, 
"ha TEE vn Eren Ee 
Now 
a. __ — £008 S.cos(S—P,). cos (S—P,) . cos (S—P,) 
ee as Sn. Fain Ee : 
hence 
sin® P, 1 


Lae 2[—4cos S . cos(S—P,) . cos (S—P,) . cos (S—P,) x qe . 
Putting 
— 4 cos S. cos (S—P,) . cos (S—P,) . cos (S—P,) = Q, 
we obtain 


_ sin’ P, 
Ni = 2Q DE ’ 
whence 
sin P, 
11 en V5or. « 
2Qn,, 


Further we find, after reduction, 


Q = 1 — cos? P, — cos? P, — cos? P, — 2 cos P, cos P, cos P 


2 3° 
consequently 


== Set Ye pe eee 2 Dp a 
ee Tas Tiz Tie = Taz Tis Ties 


Finally 
OM on oe eee EE = . 
sn? Pant Ben Er AS hee 
Introducing the mean errors 4,, % and n, of v,, 7, and w,, which 
satisfy the equations 


eS Qe Pet eee 
Nn Nu » Ne N32 » Ws — Uzar 


we find 


sin P; ( 1, 2, 3) 
= —— oe 1,4; 
a vane 
1 
oe ke 
and 
Ley ie keen Fay Sua an 
ee ¢ eS 
mee Ee 
W —= dede dE 


(227)"2 1, Jy 1; VQ 
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Mathematics. — “Combination of observations with and without 
conditions and determination of the weights of the unknown 
quantities, derived from mechanical principles. By Prof. M. J. 
VAN Uven. (Communicated by Prof. Jan pr Vaiss). 


(Communicated in the meeting of May 30, 1914). 


The theory of the combination of observations by the method or 
least squares has already been the object of numerous geometrical 
and mechanical illustrations. In the geometrical representations the 
leading part is usually played by vectors (L. von Scururka 5), C. 
Ropricvrz *) ); the mechanical ones are taken partly from the theory 
of the “pedal barycentre” (Y. Viruarceau*), M. v’Ocaéne *) ), partly 
from the theory of elasticity (S. Fivsterwanper*) R. p’Emi10‘), 
S. WELIISCH, PAaNTOFLICEK *), F. J. W. Wareere ”), Mi Wastrrcaarp ®), 
G. ALBENGA !°)). 

In the following paper we will try to develop a mechanical 
analogy of the solution of the equations furnished by observation, 
supposing that no conditions are added, as well as for the case 
that besides the approximate equations of condition (called by us: 


1) L. von Scururka. Eine vectoranalytische Interpretation der Formeln der Aus- 
gleichungsrechnung nach der Methode der kleinsten Quadrate. Archiv der Math. u. 
Physik, 3. Reihe Bd. 2t (1913), p. 293. 

2?) GC, Roprieurz. La compensacion de los Errores desde el punto de vista geo- 
metrico. Mexico, Soc. Cientif. “Antonio Alzate”, vol. 33 (1913—1914), p. 57. 

3) Y. Vrrarceau. Transformations de astronomie nautique. Comptes Rendus, 
1876 I, 531. 

4) M. p'Ocaare. Sur la détermination géométrique du point le plus probable donné 
par un système de droites non convergentes. Comptes Rendus, 1892 1, p. 1415. Journal 
de l'Ecole Polytechn Cah. 63 (1893), p. 1. 

5) S. FinsteRWALDER. Bemerkungen zur Analogie zwischen Aufgaben der Aus- 
gleichungsrechnung und solchen der Statik. Sitzungsber. der K. B. Akad. d. Wissensch. 
zu München, Bd. 33 (1603), p. 683. 

8) R. p'Emruo. Ilustrazioni geometriche e meccaniche del principio dei minimi 
quadrati. Atti d. R. Instituto Veneto di scienze, lettre ed arti, T. 62 (1902—1903), 
p. 363. 

1) S. Weruscu. Fehlerausgleichung nach der Theorie des Gleichgewichts elasti- 
scher Systeme. PanrorucekK. Fehlerausgleichung nach dem Prinzipe der kleinsten 
Deformationsarbeit. Oesterr. Wochenschrift f. d. öff. Baudienst, 1908, p. 428. 

5) F. J. W. Warepre. Prof. Bryan’s mean rate of increase. A mechanical illustration. 
The mathematical Gazette, vol. 3 (1905), p. 173. 

9) M. WesrerGaarn. Statisk Fejludjaevning. Nyt Tidsskrift for Matematik, B, T, 21 
(1910), pp. 1 and 25. 

10) G. ALBeNGA. Compensazione grafica con la figura di errore (Punti determinati 
per intersezione). Atti d. R. Accad, d. Sc. di Torino, T. 47 (1912), p. 377. 
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“equations of observation”) also rigorous equations of condition 
are given. 

Moreover, in either of these cases also the weights of the unknown 
quantities will be derived from mechanical considerations. 

The method here developed is founded on the statics of a point 
acted upon by elastie forces and is in principle closely related to 
the procedure of the last-mentioned mathematicians. 

To obtain general results, we will operate with an arbitrary 
number (NM) of unknown quantities or variables, which are consi- 
dered as coordinates in .V-dimensional space. In order to render the 
results more palpable, we shall, at the end, recapitulate them for 
the case of two variables. 

I. To determine the .V unknown quantities 


EN Weg vias ve AN 
the 7 (approximate) equations of condition or equations of observation 
aja + biy 4+ G2 +...4+m=—090 = Se. WN 


are given, with the weights g; resp. 

In the sums, frequently occurring in the sequel, we will denote 
by XZ a summation over the -coordinates wv, y,2,... Or over the 
corresponding quantities (for inst. their coefficients @;,b;,¢;,...) and 
by | | w summation over the m equations of observation, thus over 
:ifom 1 to. 

Putting accordingly 


pS ibs? det el a en 
and introducing 
aj B b; Gi mi; 
a; = ——— es yi = vene | 
VY ai’ Ki Ven is VY a; = Sas 
we may write the equations of observation in the following form 
Vi=ajr+ Biytyet...t+u—0 ‘Gee era) 
or 
V;= Zar + w= 0 AP): 


These equations have resp. the weights 
Pi ar 

The equations V;=0 represent (N —1)-dimensional linear spaces; 
their normals have the direction cosines (aj, 3;, yi,;-.-) resp. 

In consequence of the errors of observation, the approximate 
equations V;=0 are incompatible; in other words: the n linear 
spaces V;==0 do not meet in the same point. By substituting the 
coordinates 2, y,z,... of an arbitrary point P in the expressions 
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V;, the latter obtain the values v;, representing the distances of the 
point P to the spaces V;— 0. 

The distance from V;=0 to P is to be considered as a vector 
v; with tensor v; and direction cosines «@;, Bi, yi, 

We now imagine a force %; acting upon P (in N-dimensional 
space) in the direction of the normal »; (from P to V;=0) and the 
magnitude of which is proportional to the distance»; and a factor 
pi characteristic of the space V;. (The space V;= 0, for instance, 
may be considered as the position of equilibrium of a space V;=»; 
passing through P by elastic flexion.) 

So the space V; acts upon P with the force 


== — piri. 
All the spaces V;(2=1,...m) combined consequently exert on P 
a resultant force, amounting to : 
6 l= —— Lek: 


This resultant force depends on the position of the point P. 
Hence we have in N-dimensional space a vector-field *. determined 
by the above equation. 

Now the question to be answercd, is: at which point Pare these 
forces *; in equilibrium? For this point P we have 

| Ol, 
or 
[pie] = 0. 
The “components” of this vector-equation in the directions of the 
axes are 
EEN EON ENE peor ha Oe os 
Substituting for vi the expression V;= XZ a;e dui, we obtain 
[pies] @ + [pieiBily + (prairie + +--+ [rieiui]=9, 
[piBiaile + [piBi*]y + [piBryilz +. + ipibiue]=—9, 
[piyiaile + [piviBily + [piyi']e +--+. + [pir] =9, 


or by 


di 3 bi Ci Me 
orn ent U = = vee U Ferns Pi Sieds 
Wd VV aj” 4a," i. as 


basale te [giaibi| y + [grace] 2+ -..+ [oraimi] == 0, 
[gidbai le +- [gibi ly + [gibi] e +... + [obim]—O, 
Lgiciai la + [gerbil y + [gia*]2 +--+ + gem} =, 


In this way the ‘‘normal equations” are found. 
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The force §;= — piti has the potential 
Uj= } piri? = 3 pi Vits 
for 
OU; OV; 
(Ei) ET DE = — Pi V; a = — Pina; ete. 


The whole potential therefore amounts to 
U =[Ui]= 3 [pi Vi]. 
As the equation V;= Saj2-+ui=0 has the weight p;, the 
mean error of weight 1 is determined by 
, __ [piri ’] 
SS aa 
n—N 
hence 
2U 
n—N- 


2 mm 


At the point P satisfying the normal equations the potential and 
consequently also e° is a minimum. The “weight” of the distance v; was 
pi. This weight may be determined a posteriori, if we know the 
influence of the space V; alone acting upon any point. We then 
have but to divide the amount F; of the force §; by vi. 

Il. In order to find the weights of the unknown quantities, we 
now remove the origin by translation to the point P, which satisfies 
the normal equations. 

Calling the minimum potential U,, denoting the new coordinates 
by 2’,y',2',... and introducing 

V;'=aje'+ Biy + ye’ +... Saiz’, 
we obtain 
[oe Vi" {= 2 (UCU = UH 20". 

So U’ is the difference of potential existing between a point 
(v',y',2',...) and the minimum point P. 

The equation [p;V;"]=2U’ represents a quadratic (N — 1)- 
dimensivnal space @, closed (ellipsoidal) and having P as centre. 
This space is an equipotential space and at the same time the locus 
of the points of equal ¢. We shall call these spaces 2 briefly Ayper- 
ellipsoids. The hyperellipsoids 2 are homothetic round P as centre 
of similitude. 

Introducing the principal axes as axes of the coordinates X, Y, Z, … 
we obtain for 2 an equation of the form 

AX? + BY'4077+4...=20'. 

The components of & in the directions of the principal axes are 

found to be 
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i ! i 
= =——AX , Fy =— os ——BY , Fz=—— as —— CZ, etc. 

We may therefore attribute these components to attractive forces 
of the spaces X= 0, Y=0, Z—O,... (principal diametral spaces), 
which are perpendicular to these spaces and proportional to the 
“principal weights” A, B,C,... 

For a point on the principal axis of X holds 

Fx=—AX , Fy=0 , Fz =), etc. 

Consequently the principal weight A may be determined by dividing 
the force at a point of the principal axis of X by the distance X 
of that point to the principal diametral space Y = 0. To determine 
the weight of another direction !, only those points are required, at 
which the direction of the force coincides with the direction |, i.e. 
the points the normals of which to the hyperellipsoids 2 have the 
direction |. When dividing the amount of the force existing at such 
a point Q by the distance of the tangent space of Q to the centre 
P, the quotient found is equal to the weight of the given direction. 

So, in order to determine the weight yg, of the direction of the 
original z'-axis (or of the z-axis), we only have to turn back to the 
coordinate system «,7’',2',..., relatively to which the equipotential 
spaces have the equation 


Fxy= — 


. Feije. 

For a point Q(a’,y', z',...) at which the normal to the equipotential 
space, passing through Q, is parallel to the z'-axis (or to the z-axis), 
we have 

Py = gt! ’ Fy = 0 ’ P= 0, etc. 


or 
ou’ des dll DU’ 
Woke ’ aad ’ oe tag etc. 
hence 
LpiaiVi']=g0' , [piirVi'|=90 , [pixiVi']=9, ete. 
or 
[piai*] 2! + [piaisi] y' + [piaiyil 2 +... = goa’, 
[piBia:] 2 + [piBi*]y + Loi Biyile’ +...=0, 
[piyai)e' + [pryiBily' + [piy?] 2’ +...=09, 
or 
1 Y EN 
[pia*]— + [pies] — + [piaiyil + 1=0, 
Ir gt Jat 


> 
~ 


ne Attert 0) =S | 
JL 


1 ! 
[pi Biai] — + [pi B: *] Le + [pi Bi yi] 
Iz get 


Ì k 4 / z 
piyiar} ah be Lose Ari 


Je Iet 


or 
1 b y z 
|giai”| ae [gi a; b; | Fic lie Lgiaicg | ; St ee 
Ir gee Jatt 
etn A) 2 
labiail— + [92:7] se CON ed eee es et Oe ee 
Ix Iet Jat 
1 y NE 
Loicias] — + [gi ei bi] 7 SevLgrer | a a 0, 
Ju Jae Jak 
il See Pia ke 
So — is apparently found as the first unknown quantity in the 
Ju 
“modified” normal equations, modified in this way, that the constant 
terms are replaced by — 1,0,0,... resp. 


Considering U (c.q. U;) as an (N + 1) coordinate perpendicular 
to the N-dimensional space (w, y, z,...), the equation 
Ue Vs? = 20; 
represents a quadratic space of N dimensions, built up of oo (V—1)- 
dimensional linear generator-spaces, all parallel to (Vi= 0, U = 0), 
the intersections of which with the planes perpendicular to (V;= 0, 
(7 =0) are congruent parabolae. The parameter of these congruent 


parabolae is —. 


pi 
The quadratic space pi Vi? = 2U; will briefly be called a parabolic 
OM Ee 1 
cylindric space with parameter —. 
Pi 


The equation 
6:2 Aa es 

‘represents a quadratic space W of V dimensions, the centre of which 
is at U =o, and the intersections of which with the V-dimensional 
spaces U == const. are hyperellipsoids 2. Thus YW is the extension 
of the elliptic paraboloid. | 

The point 7 of WY with minimum U (U), and hence closest to 
U =0, which is called the summit of U’, is projected on U=O 
in the point P, satisfying the normal equations. 

By displacing the system of coordinate axes (w, y, z,..., U) (by 
translation) from O to 7, W obtains the equation 

(oe Vi =H): 


By constructing the enveloping cylindrie space, the vertex of which 
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coincides with the set of points of the space «=O at infinity, thus 
the tangent cylindric space, the generator-spaces of which are parallel 
to the a-axis, we find for this cylindric space the equation 


gra? = 2 U", 


Sa 
Its parameter is —, or the reciprocal value of the weight of the 
Iz 


direction 2. 


HL We now suppose, that the variables 2, y,z,... must at the 
same time satisfy the following » rzgorous equations of condition 
DiS) ag Le A (y= ie oP) 
Then the point P is constrained to the common (.V—y»)-dimensional 
space ® of intersection of the »(N—1)-dimensional spaces ®;. 


Now the point P, subjected to the elastic forces §;, is in equi- 
librium, when the resultant $= [3;]| is perpendicular to ®, 
Let the normal at P to @; have the direction cosines 


es ee og 
Ox ote eN Oy En z 
aj =~ fob; Fa 5 On, esha ae aero, V3 ‚ ebe 
ee ‘f= : VII 
Ow Oa Ow 


The normals at P to the spaces ®; form a linear v-dimensional 
space. In this space 8 must lie, which means: % can be resolved 
in the directions of these normals, the unit-vectors of which will be 
denoted by w;. 

So we have 

5 = [gj wi] 
where | |' signifies the summation over j from 1 to ». 

The components of this vector-equation are 
[pivi ai) + [gs 05] =, [pi vi Bi] + [ay Bj =O, [pi vi vi] + [ar vj ] =, ete. 
or 

[piai']e + [piacBily + [pieiyi] = +... + [piemil + [gj aj = 9%, 

piBraile + [piBi*]y + [piBirile 4--.- + [piBiei] + lay Bj = 9, 

[pivi ai] e + [piyiPi] y + Lpivi*) 2 H.+ [pivim) + law) =O, 


Putting 
O®;\? 
gedi Y= (5) Peta 


a 
we may write the above equations in the form 
Ga Sy 
==), 


gias Te + [gasbely + [giascile + -.. + (giaimil + [do 
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0D; 
fovbiai] e + [oi be?) y + [gibiei}z +... + [gibimi] + [95 Oy ==, |) 


; 9D; _, 
[7 ca | «& + fai Ci b; | Y iT [ ie; | Zo Miete = [gi Cj mi | at [75 re | — 0, 


These N equations serve, together with the » conditions ®;==0, to 
determine the N variables 2, y, z,... and the v auxiliary quantities g,’. 

Now the solution of the problem is not represented by the centre 
of the hyperellipsoids 2, but by the point, in which the intersection 
space ® (space of conditions) is touched by an individual of the set 
of the hyperellipsoids 2. 

The analytical treatment of the problem is simplified by taking 
the coordinates so small, that in the expressions ®; homogeneous 
linear forms suffice. The geometrical meaning of this is that a new 
origin O' (wv, Yo, 20, --…) is chosen in the space of conditions ® near 
the probable position of the required point. So the spaces Dj are 
replaced by their tangent spaces /2;, and the space of conditions by 
its tangent space / of N-—r dimensions, intersection of the tangent 
spaces Lj. 

Denoting the coordinates obtained by translation to U’ by §, 7, §, .., 
so that z= 2, -+6§,... and putting 


Cit, + Bi y, + Ye ee iS u ‚ Ak, + bit, + C2, sn ak mi = mi, 
we find 
2U = [pileie + Biy + viz. + wi)*) =[pilai8 + Bin + vil + + wi)] 
or, putting 
aé&+ Bin + yi$4-...4= Vi, 
2U = [pi Vi]. 
The equations @; (x, y, z,..) = 0 may now be written: 

DP; OD; 
i nd op EE er EE 
or, since O’ is assumed in ®;==0, and higher powers of &, 1, §,... 
are to be neglected, 

dp; 

Ox 


OD; 0 
Di (25. Yoi - EL 


é OD; OD; : 
§+ y+ ben oP) 
Oy dz 
or 
Wj =0/§4+ 86'nt+y7/$4+...=2a/5=0. (J=l,...P)}. 
So the normal equations appear in the following form 
[gras*18 + [giarbi] mn + [gare] 8 +». + [pair] + [gs aj =0, 
[gi bia: | § + [gibi 1m + [oe bier] S +. + [gi bemi] + [gj Bj =O, 
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Lesa) 8 A [os erbi)n + [gie 15 +. + [gierm:} + [gj vj 1" =O, 


IV. To determine the weights of the directions a, y, z,..., we 
again begin by shifting the origin (by translation) from QO’ to the 
point P, satisfying the normal equations and W; = 0. 

Calling U, the potential in P, U—U,=U"’ the difference of 


potential relatively to P, §’,1’,§’,... the coordinates with respect 
to P, and putting finally 

B eye at og et Ben ee yo om WY 
we find 


U = [pi Vi] — 2 [gs W;'Y. 

This equation represents the set of equipotential spaces 2. U/’=0O 
furnishes the hyperellipsoid 2, touching ® (or FR) in P. 

Now those points must be found at which the force can only be 
resolved into an (inactive) component perpendicular to FR and a 
component parallel to the «-axis. 

For such a point we have 


dU! mI tl 
Fy = — ae ema 
aes oy — [ni BT + 0, 
dU 
MET [rj vi] + 9, 
or 
[pi Vi! oi] — [gj] = — [nja | + 928 
[pi Vi Bi] — (qj!) = — [rj], 
Lp: ee eee = sh 
or putting 
CEL mill 


[pra Vi! 1H Leze 928), [ps B Vi") [8j8 1 =0, [piri Vi'| +1837)" =O, ete. 
whence 
pia’ |S + [piai Bi) a’ + [prey] S + + [Sja = ges), 
[pia] S + [piBiln + [piBiy: 15 +... + [sj8;'] = 0, 
[py «1S + [piyiBiln + [psi] +... + [sy] =0, 


or 
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qe dele) y+ ralen t +(4 «| 10 
(OCA a Gia or) a Gig EGE St ar ae, SRS = oo ae 
Lsa: Ve eo ges 928 as 
1 : 7 5 Sj 
labiail — + [gi bl — + [4 bied a H.H ae 1 + 0 =S; 
9: 955 935 938 


4 rey 
naar) + [gs ei iJ + Kadt en es |Home, 


92s 


the ee 
1 


C 
dia gerade 7k 4-77) s+ +-=0 (p= ie) 


” go os 
also being satisfied. 
From the above MN + rv equations with the V unknown quantities 
al ! ° 
! ‘ pis ii ,... and the » unknown quantities ae ; Ee 
9 Hs Js Js OF 
The method of solution of Hansen is found again by introducing 


oF ; 
leken Sj 


! 
Tk el kj ’ 
Jés Jes 
8 1 n 4 
5=> iel B ; 5 == €, ; 
gs 95 Js Jes 
whence 
k; Dai = . 
= — == Zaid. Cece we STE 
Ji Js 


Then the modified normal equations furnish 
[aiai*| A (ga; bj | B [gia ci | C Ere ait jas! =d 
[mibia:) A + [gbi] B + [gibiei} C +... + [kj Bj 1 == 
(giciai} A + [gicibi} B + Ice?) C +... + Wij] =, 


or 
[giai (a; A)] + [Ajay] = 1, [gibi (2a; AD] + Wy pj =0, 
[gic; (a; A)] + [47,7 = == (enen 
or 


[kai] a [kies] — re [ki bi] + (EBA == 0, (kie: | afs Bd — 0, etc, 
and the (rigorous) equations of condition run 
0; A= EE ae | 
From the set of equations 

ks 
SqA=— (@=1,...n) 

gi 
aaj A= 0 fl sm 
[ A; ag |+[h,j'aj']'=1 , [hy bi nn Bj1=0, [ki ei ]4+[4;'y;']=0 , ete. (Nin number) 
the .V variables A, B, C,..., the 7 unknown quantities 4; and the 
r auxiliary quantities 4, can now be solved. 
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The weight of x is thus defined by 
1 
Jz = JE Fe 


It may also be found by the following calculation 


hj? 
| = [2ka; A] = ZA (kia; = A [kai] + Bld] + C [Wiel +... 


Ji 


© 


=A — Af[k;'a,'] — B[k;'B;'J'— C [A;'7;J—.. 


1 
Ed Al =A ae : 
S 
so that g, is also determined by 


By considering the quantity U as (N + 1) coordinate perpendi- 

cular to the N-dimensional space (x,y, z,...), the equation 

(pi Vi] — 2 [qj WJ = 20" 
represents the quadratic space ¥. The origin of the coordinates 
§,7,5,--U' now lies at the point S, the projection of which on 
U' = — U,(U=0) is the required point. Now this point S is not 
the summit of #7. 

The linear space of conditions R of NM — vp dimensions is now 
joined to the point U’ = m by an (V—v-+ 1)-dimensional space R,, 
which passes through S and intersects the quadratic space ¥ in a 
quadratic space ‘’, having the same character as W, in that it 
also has its centre in U’ =o, but is of fewer dimensions, viz. 
(Art) — (N-+-1) => N —». The quadratic space ¥, has 
its summit in S. 

We now have to determine the points Q in ¥,, at which the 
((v--1)-dimensional) spaces of normals are parallel to the z-axis. In 
such a point Q #, is also enveloped by a parabolic cylindric space, 
the generator-spaces of which are parallel to the z-axis, and which 
therefore has an equation of the form 

Onos 2 0". 


aie 
lis parameter is — . 
Ir 


1 

In other words: — is the parameter of the parabolic cylindric 
Ya 

space, which has its generator-spaces parallel to the a-axis and 


envelops the quadratic space ¥,. 


V. We conelude this paper with a short summary of the results 
tor the case of two variables w and y. 
12* 
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The equations of observation are represented by the straight lines 
Vj=aje+ By + gi==0 (weight p;) @=—1,...n). 
The point P(z, y) is subjected to the force 
6 =i) = — [piri] 
in which », represents, in amount and direction, the distance of the 
line V;=0 to the point P. 
The point P remains at rest, if its coordinates satisfy the equations 
[pia + [pieiBily + [pian] = 0, 
[p:Biai}e + [piBi'ly + [pii] =. 
Denoting here the potential U by z, we obtain 
[pileiz + Biy + wi)?] = 2e. 
This equation represents an elliptic paraboloid ¥, being the sum- 
surface of the parabolic cylinders 
pileie + Bry + (i)? = 22;, 
which have the plan ¢—O as summit-tangent-plane along the gene- 
rator aja + By --wi=0, z= 0, and which are obtained by trans- 
lating the parabola 
9, 


vil == Zi 


pi 
lying in the normal plane of Vi= a; + 3;y + wi= 0, perpendicularly 


to V;—0. The parameter of this parabola is ~ 

The summit 7’ of the elliptic paraboloid ¥ ([p; V‚*| = 22) is pro- 
jected on z= 0 into the point P, satisfying the normal equations. 

By constructing the tangent cylinder, the vertex of which lies 
upon the x-axis at infinity, we obtain a parabolic cylinder, the 
perpendicular transverse section of which has a parameter equal to 
the reciprocal value of the weight g, of the variable z. 

There being only two variables, only one (rigorous) equation of 
condition P(r,y)=0 may be added; (xr, y) =O represents the 
curve to which the point P is constrained. : 

We now have. to determine that particular ellipse of the homothetic 
set [p; V;*]==const., which touches the curve ® The point of 
contact is the point P required. 

In ®, near the probable position of P, the new origin O’ is 
taken. We have thus only to operate with linear functions of the 
coordinates. So we really replace ® by its tangent R at P. 

The elliptic paraboloid ” is cut by the vertical of P in the 
point S. The vertical plane ?,, which intersects z=0O along R, 
pierces the paraboloid 4” along the parabola V’,, having S as summit. 

We now construct the cylinder having its vertex at the point 
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at infinity of the «z-axis and having the parabola ¥, as directrix 
(i.e.: enveloping the parabola ¥,). The parameter (of the perpen- 
dicular transverse section) of this cylinder is the reciprocal value 
of the weight g, of the variable z. 

The equipotential lines in 2=0O are the homothetie ellipses 
[pi Vi? ] = const. Such an ellipse is the locus of the points of equal «. 

When the (rigorous) equation of condition is: «= const. the 
parabola 7, is parallel to the plane «=O. The tangent cylinder is 
then infinitely narrow ; its parameter is 0, the weight of « is infinite. 


Chemistry. — “Lquilbria in ternary systems. XVI. By Prof. F. 
A. H. SCHREINEMAKERS. 


(Communicated in the meeting of May 30, 1914). 


Now we shall consider the case that the vapour contains two 
components. 

We assume that of the components A, B, and C only the com- 
ponent B is exceedingly little volatile, so that practically we may 
say that the vapour consists only of A and C. This is for instance 
the case when B is a salt, which is not volatile, and when A and 
C are solvents, as water, alcohol, etc. 

Theoretically the vapour consists only of A + B+ C; herein the 
quantity of B is however exceedingly small in comparison with the 
quantity of A and C, so that the vapour consists practically totally 
of A and C. | 

When, however, we consider complexes in the immediate vicinity 
of the point B, the relations become otherwise. The solid or liquid 
substance has viz. always a vapour-pressure, although this is some- 
times immeasurably small; therefore, a vapour exists however, 
which consists only of 4, without A and C. When we now take a 
liquid or a complex in the immediate vicinity of point B, the 
quantity of B in the vapour is then still also large and is not to be 
neglected in comparison with that of A and C. 

Consequently, when we consider equilibria, not situated in the 
vicinity of point 5, then we may assume that the vapour consists 
only of A and C; when these equilibria are situated, however, in 
the immediate vicinity of point 5, we must also take into consider- 
ation the volatility of B and we must consider the vapour as ternary. 

When we consider only the occurrence of liquid and gas, then, 
as we have formerly seen, three regions may occur, viz. the gas- 
region, the liquid-region and the region Z—G. This last region is 
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separated by the liquid-curve from the liquid-region and by the 
vapoureurve from the vapour-region. As long as the liquideurve is 
not situated in the vicinity of point B, the corresponding vapour- 
curve will be situated in the immediate vicinity of the side AC. 
Consequently the vapour-region is exceedingly small and is reduced 
just as the vapourcurve, practically to a part of — or to the whole 
side AC. Therefore we shall call this vapourcurve the straight 
vapourline of the region Z— G in the following. Consequently we 
distinguish within the triangle practically only two regions, which 
are separated by the liquideurve, viz. the liquidregion and the region 
LG: the first reaches to the point B, the latter to the side AC. 
The conjugation-lines liquid-gas end, therefore, all practically on the 
side AC. 

When the liquideurve comes, however, in the immediate vicinity 
of point B, so that there are liquids, which contain only exceedingly 
little A and C, then the quantity of B in the corresponding vapours 
will no more be negligible with respect to A and C. The vapour- 
curve will then also be situated further from the side AC, so that 
also the vapour-region becomes larger. At sufficient decrease of 
pressure or increase of temperature the vapour-region will cover 
even the entire component-triangle. In that case we must, therefore, 
certainly distinguish between the three regions, of which the movement, 
occurrence and disappearance have been treated already previously. 


In order to deduce the equilibrium + LG, we may act now 
in the same way as we did before for a ternary vapour. We dis- 
tinguish the following cases. 

1. The solid substance is a ternary compound. 


2. The solid substance is a binary compound of two volatile 
components. 


3. The solid substance is a binary compound of one volatile and 
one non-volatile component. 


4. The solid substance is one of the components. 


1. We consider firstly the case sub 1, viz. that the solid substance 
is a ternary compound; this is for instance the case with the 
compound Fe,Cl, . 2HCL.12H,0. 

Now we imagine for instance in fig. 7, 11, 12, or 138 (I) the 
component-triangle ABC to be drawn in such a way that the point 
F is situated within this triangle. Curve Mm can then again 
represent the saturationcurve under its own vapourpressure of #7, 


0e 


the corresponding vapoureurve Jm, is then, however, no more a 
curve situated within the triangle ABC, but it becomes a straight 
line, which is situated on one of the sides of the triangle. We shall 
call this line the straight vapourline of the compound Ff. When A 
and C' are the two volatile components, then this straight vapourline 
is situated on the side AC. As not a single liquid of curve Mm can 
be in equilibrium with a vapour, which consists of pure A or of 
pure C, the points A and C can never be situated on the straight 
vapourline. From this foilows: the straight vapourline of the ternary 
compound /” covers only partly the side AC and in such a way 
that it covers neither A nor 5. 

2. The solid substance is a binary compound, of two volatile 
components. We take a binary compound #' of B and C (tig. 1) 
so that B and C now represent the two volatile components and A 
the non-volatile component. 

In order to deduce the saturationcurve under its own vapour- 
pressure we may act again in the same way as we did before 
for the general case. For this we take a definite temperature 7’ and 
a pressure P in such a way that no vapour can be formed and the 
isotherm consists only of the saturationcurve of /. This is represented 
in fig. 1 by pg. 

At decrease of P the region Z—G occurs; such a region is 
represented in fig. 1 by Cdee, with the liquid-curve de and the 
straight vapourline Ce. The liquid e is in equilibrium with the 
vapour ¢,, the liquid d with the vapour C and with each liquid of 
curve ed a definite vapour of the straight vapourline Ce, is in 
equilibrium. 

We may distinguish three cases with respect to the occurrence 
of this region L—G. 

a. In the equilibrium L—G of the binary system BC a point of 
maximum-pressure occurs. The heterogeneous region L—G arises in 
a point of the side BC. 

6. In the equilibrium L—G of the binary system BC a point of 
minimum-pressure occurs; one heterogeneous region arises in B and 
one in C, which come together at decrease of P in a point of BC. 

c. In the equilibrium L—G' of the binary system BC neither a 
point of maximum- nor a point of minimumpressure occurs; the 
heterogeneous region arises in B or in C. 


Here we consider only the last case and we assume in this case 
that Cis more volatile than B; after this the reader can easily 
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deduce the two other cases. At 
decrease of P the heterogeneous 
region arises, therefore, in the angu- 
lar point C (fig. 1) and it expands, 
while curve pg changes of course _ 
its form and position, over the 
triangle. Under a definite pressure 
the terminatingpoint e of the liquid- 
curve coincides with the termina- 
tingpoint p of the saturationcurve, 
under a definite other pressure e 
coincides with q. 

When e coincides with g, we 
may imagine in fig. 1 that the 
liquideurve is represented by qq’, 
or by qq',; in the latter case it 
intersects the curve qp, in the first 
case it is situated outside this curve. When e coincides with p, we 
may imagine that the liquideurve is represented either by pf (fig. 1) 
or by a curve, not drawn in the figure, which intersects pg. Now 
we shall examine which of these cases may occur. 

To the equilibrium between a ternary liquid «, y, 1—a—y, and 
a binary vapour y,,1—y, the conditions are true: 


OZ OZ OL WZ 
A EN A Ee 
v Ox (y Y,) dy 1 and Oy Oy, ( ) 


Let us firstly consider the region L—G in the immediate vicinity 
of the point C. As 2, y, and y, are then infinitely small, we put: 
Z= UA RTeloge + RTy logy and Z, = U, + RT y, log y, 


The two conditions (1) pass then into: 


copa Si dU, 
U—« y Ushi RT (eyy) =0 … (2) 
0x dy Oy, 
0U 


0U . 
— + RT logy = ee A" Od Gas so le (3) 
Oy Oy, 


Under a pressure Pr the region L-G in fig. 1 consists only of 
the point C, and, therefore, z=0, y=O and y,=0; then the 
unary equilibrium: liquid C+ vapour C occurs. This is fixed by 
Z2_= LZ, or U= irs wherein «= Q; =O and Yn — 0 

Let in fig. 1 the region Cdee, make its appearance under a pres- 
sure Po + dP; the points e,, e‚ and d are then situated in the imme- 
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diate vicinity of C; now we equate «= £,y— y andy, = y,. From 
(5) follows: 

NP Aaa IEN Hy a cee fA) 
wherein A is a constant fixed by (8). When we assume, as 
in fig. 1, that C is more volatile than B, the point e,‚ is situated 
between C and e and AK is, therefore, smaller than 1. 

Now we equaté in (1) P= Po + dP, «=f,.y=y andy, = 7,; 
as in the point C U = U, is satisfied, it follows, that: 
— RT[E+y4—7,|)+[V—V,]dP=0 
or 
Fer 
SH (1%) EE a? 
In the immediate vicinity of the angular point C (fig. 1) curve ed is, 
therefore, a straight small line. We find from (5) for the length of 
the parts Cd and Ce: 


Ene Bere Aa (- 


ee VV 
EE Pr NG on LEL Pes Zer TB) 
R1 RT (1—K) 
As V,—V >0 and 1—K > 0, it follows from (6) that Cd and Ce 
are positive, when dP is negative. At decrease of pressure curve cd 
shifts therefore, within the triangle. From (6) follows:Cd: Ce=(1—-A);: 

ior, ask = 7, : n= Ce, Ce, we find: Cd =.ee,. 
In order to examine the liquideurves going through the points 

p and gq (fig. 1) in the vicinity of these points, we put in (1): : 


Ve Trad ae Ogi eae ok, REN BE Rs 
we then find: 
0U 0U BU BZ 
Demy) RT, Wand (8) 
0a Oy dys Oy: 


For the liquideurve of the region Z-G we find from this: 

[er + (y—y,)s + RT] de + [ws + (y—y,)t]dy=0 . . (9) 

For the direction of this liquideurve in its end on the side BC 
(therefore «= 0) we find: 

dy (yy s + BT 


= 10 
da yy) t el 


When we call p the angle, which this tangent forms with the 
side BC (taken in the direction from B towards C), we have, when 
we imagine the componenttriangle rectangular in C: 

yy) t 


Ge = A Sgt eT a cae Ee 
ee Re a 
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For the saturationeurve under a constant pressure of F, consequently 
for curve pg, we find: 


07 0Z 
Za 4+- (b=) = ah ee (12) 
0a dy 


or after substitution of the valué of Z from (7): 
[er + (y—B)s + RT] da + [es + (y—p) i] dy=0 . - (18) 
When we call w the angle which forms the tangent in p or q 
with the side BC (taken in the direction from B towards C;, 
we tind: 
(y—8) t 


a et FEST Ti . . . . . . (14) 


Let us now consider these two tangents in the point p of fig. 1. 
In this point y—3<0 and y—y, > 0. 

The denominators of (11) and (14) bave, therefore, either opposite 
sign or they are both positive, so that we may distinguish three 
cases. In each of these cases we find y< yw; the liquideurve of the 
region .-G and the saturationcurve of # under a constant pressure 
are, therefore, situated in the vicinity of point p with respect to 
one another in the same way as the curves pf and pq in fig. 1. 

Curve pf can also no more intersect curve pg in its further 
course; we may see this also in the following way. 

At decrease of P the two curves must touch one another under 
a definite pressure P;, somewhere in a point 4 within the component- 
triangle; therefore imagining the liquidcurve of this pressure 1; 
to be represented by ed (fig. 1), we must imagine ed to be drawn 


: d 
in such a way that it touches pg in h. For this point A from (9) 
: & 


d 
must be equal to = from (13); then holds: 
v 
ar -+(y—y,)s + RT art (y—,?)s + RT i 
es +(y—y,)t ms (y—f)t 
or 
Ya Ps ee ee 


As y, indicates the vapour conjugated with liquid h, (16) means: 
the liquid-curve of the region Z—G and the saturationcurve under 
a constant pressure of / touch one another in a point /, when the 
vapour belonging to this liquid 4 is represented by the point £ 

As all vapours belonging to curve ed (fig. 1) are represented by ~ 
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Ce,, and consequently no vapour exists of the composition #, the 
curves ed and pq, therefore, cannot touch one another. 

Let us now consider the tangents to the liquid-eurve and to the 
saturationeurve under a constant pressure in the point q (fig. 1); 
as the vapour, belonging to this liquid, may be represented either 
by a point g, situated between q and / or by a point g, between 
F and C, we must distinguish two cases. 

When the vapour is represented by q,, then we have y— 3 >0 
and y—y, >0. As y—/>y-— y,, the denominators of (11) 
and (14) have either the same sign or the denominator of (11) is 
positive, while that of (14) is negative. In each of these three cases 
we find g~<w; the liquid-curve of the region L—G and the 
saturationeurve under a constant pressure of Fare, therefore, situated 
in the vicinity of point g with respect to one another as the curves 
gp and gg’, 

When the vapour corresponding with liquid q is represented by 
q,, then y— ? <0 and-y —y, > 0; in absolute value (y— 2) s is 
always smaller than (y y,)s. The denominators of (11) and (14) 
have, therefore, either the same sign or the denominator of (11) is 
negative, while that of (14) is positive. In each of these three cases 
we find p >p; the liquid-curve of the region L—G and the 
saturationeurve under a constant pressure of / are, therefore, situated 
in the vicinity of point g with respect to one another as the curves 
gp and qq’,. 

With the aid of the preceding considerations we may easily deduce 
now the saturationcurves under their own vapour-pressure of #; 
for this we shall assume that the solid substance melts with increase 
of volume. We distinguish three cases. 


1. The temperature is lower than the point of maximum-subli- 
mation 7'k of the binary substance /’. 

In a similar way as we have deduced the general case fig. 11 (I) 
we now find with the aid of fig. 1 for the saturationcurve under 
its own vapourpressure a diagram as is drawn in fig. 2; in this 
figure a part only of the componenttriangle is drawn. Curve 
hacmbn is the saturationcurve under its own vapourpressure, 
hae, F,b,n, is the corresponding straight vapourline. In this 
figure are indicated the equilibria: #4 Ln + G,,, FH La + Ga; 
FA Lt G4, P+ Lin + Ge, F+ Lj H Go, and FH L +G,,; Ly 
and ZL, are binary liquids. As we have assumed that the temperature 
is lower than the point of maximum-sublimation 7%, of the solid 
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substance #’, the vapour n, must be situated 
between / and x. Consequently we have 
here the case that the vapour, corresponding 
in fig. 1 with the liquid qg, is represented 
by q,; the liquid-curve of the region L—-G 
going through the point g can, therefore, 
be represented by qq,’ (fig. 1). It follows 
from this position of gq,’ that on further 
decrease of pressure the liquideurve of the 
region L—G must touch curve pg in a 
point m (fig. 1); in fig. 2 this point of 
contact is also represented by m. Previously 
we have seen that the vapour corresponding 
with such a point of contact has the com- 
position /; in fig. 2 m and ¥ are joined 
for this reason by a conjugation-line. 


Fig. 2. It follows from 


deduction that the 


pressure is a minimum in the point m of fig. 2 and increases from 
m in the direction of the arrows, consequently towards n and h. 
Further it is evident that the vapourpressure in / is higher than in 2. 


2. The temperature is higher than the point of maximum subli- 
mation 7, and lower than the minimum-meltingpoint Zp of the 


substance #7. 


In a similar way as we have deduced the general case fig. 7 (I), 
we now find with the aid of tig. 1 a diagram as fig. 3. Curve 


hacbn is the saturationcurve under its 
Own vapour-pressure, h, a, ¢, b‚n, is the 
corresponding straight vapour-line. As 
we have assumed that the temperature 
is higher than 7'k but lower than Tp, 
F’ must, as in fig. 3, be situated between 
n and n,. Therefore, here we have the 
case that the vapour, corresponding in 
fig. 1 with the liquid g, is represented 
by g.; the liquid-curve of the region 
L—G going through the point q may, 
therefore, be represented by qq’, (tig. 1). 
It follows from this position of qq, that 
on further decrease of pressure the liquid- 
curve of the region Z—G no more 
intersects curve pg. 
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From this deduction it follows that the pressure increases along 
curve An in the direction of the arrows, therefore, from ” towards 
h and that on this curve An neither a point of maximum- nor a 
point of minimumpressure occurs. 


3. The temperature is higher than the minimum-meltingpoint 7’ 
and lower than the point of maximum-temperature 777 of the binary 
equilibrium /”’ + L -+ G. 

In a similar way as we have 
deduced the general case fig. 12 (I) 
we now find for the saturationcurve 
nnder its own vapour-pressure an 
exphased curve, in fig. 4 a similar 
curve is represented \by the curve 
hn-indieated by 5; the pressure in- 
creases in the direction of the arrow, 
consequently from 2 towards h. 


In fig. 4 the saturationcurves 
under their own vapour-pressare of 
F are drawn for several tempera- 
tures (7,—T,). When we take 7, 
and 7, lower than 7x, then a 
point of minimum-pressure must 
occur on the eurves, indicated by 
1 and 2. When we take 7’, between * 
Tx and Ty and 7, between 7'x 
and 77, then the saturationcurves Fig. 4. 
under their own vapourpressure have a position as the curves /n 
indicated by 4 and 5, on which no point of minimumpressure 
occurs. At 77 the saturationcurve disappears in a point H and 
the corresponding straight vapoutline in a point AH, (not drawn 
in the figure). 

On the saturationcurve of the temperatures 7’ 
a point of minimum-pressure m, this point has disappeared on the 
saturationcurve of the temperature 7’, ; between these two temperatures 
we consequently find a temperature 7’, at which the point m coin- 
cides with the terminating point nm of the saturationcurve under its 
own vapourpressure. As the vapour belonging to a point of minimum- 
pressure has always the composition /’, this case occurs when the 
liquid m can be in equilibrium with a vapour 4. As then the binary 
equilibrium 4 + £-+ vapour /# can occur this temperature 7’, 


and 7’, we find 


178 
consequently is the maximumtemperature of sublimation 7x of the 
substance /’. 


Now we will deduce in another way the saturationcurves under 
their own vapour pressure of #. The conditions of equilibrium are: 


ÒZ OZ OZ Of 10 
9 jn nk Klan ok — — . 5 17 
L ‘ An (y i ) dv > 1 (y 1 / ) Oy ; 5 dy Oy : ( ) 


These conditions follow also from the equations 1 (II) when we 
equate herein a= 0 and 2, =0 and when we consider Z, as inde- 
pendent of a,. We put 


Z=U ART o loge. 40 
The three conditions (17) pass then into: 
Oe 0U 
Wz (y /?) 5 IE ee (19) 
Ow j Oy 
rj ) 07, 
ite ied) Er S= 0 (20) 
Oy, 
U 02 
En (21) 
Oy Ou, 


From this follows: 


far +-(y—/?)s + RI] dw + [as + (y—)t] dy = 


ie KU Te ERN a 455 
= ran nae a v re We WE 


OV. 
(y,—/*) t, dy, =| Vs—(y,—2 Ps GE 
Jil 1 J 1 1 Jl 0 4 


"1 
dv, ov 
sdw + tdy—t, dy, =|——-——]dP ... . (24) 
dy, dy ; 
With the aid of (23) we may also write tor (24: 


| 8 = OY 
(y,— *)sde + (y,—.%)t dy =| V, —(y,—,2) — — 2 |dP (25) 


so that for the relation between de, dy, dy,, and dP we shall consider 
the equations (22), 23), and (25). 

in order to examine if a point of maximum. or of minimums 
pressure is possible on the saturationeurve under its own vapours 
pressure, we take (23). From this follows dP =O when 

. U En meme A 

In order to examine if the pressure for this point is a maximum 
or a minimum, we develop (20) further into a series; when we 


equate herein y, = (7, we find: 


Ake 
1 
(V,—v) dP = 5 AR SP ee Hz A Vd 


As V,—v and tf, are both positive, it is apparent that the pressure 
is a minimum. In accordance with our previous considerations (see 
fig. 2) we find therefore: on the saturationeurve under its own 
vapourpressure of the solid substance /’ the pressure is a minimum 
in a point m, when the vapour corresponding with this liquid has 
the composition #. 

In order to examine the change of pressure along the saturation- 
curve in the vicinity of its extreme ends / and n (fig. 2, 3, and 4) 
we equate c—0O; from (22) and (25) we then obtain: 


OV 
[ys + RT] de + (y—B) t dy = [V—(y—/) En dP (29 


7 


Ov 
(y,—/’) sd + (y,—8) é dy ae [V, ea Oy 


—u) dP... (29) 


From this follows: 
(y,—/) RT da = [(y,—/*) V + B) V, + Y—y,) x] dP. (80) 
When AV, is the change of volume, which occurs when between 
the three phases of the binary equilibrium + L + G a reaction 
occurs, in which one quantity of vapour arises, then we may write 

for (30): 

a B—y, AT 
B—y AV, 
Now AV, is always positive in the binary system # + L +4 G, 

except between the minimum-melting point 7 and the point of 

maximumtemperature 7’, where AV, is negative. In fig. 4 AV, 
is consequently negative for liquids between / and H, positive for 
all other liquids on the side BC. 

P—y is positive, when the liquid is situated between F and C, 

negative when the liquid is situated between F and B (figs. 2—4). 
—y, is positive, when the vapour is situated between / and C, 

negative when the vapour is situated between # and B (figs 2—4). 
In the points / of figs. 2—4 is AV,>0, /’—y>0and ?#—y,>0; 

from (31) follows therefore dP? <0. From each of the points 4 

the pressure must, therefore, decrease along the saturationcurves, we 

see that this is in accordance with the direction of the arrows in 

the vicinity of the points / (figs. 2 -4). 

In the point » of fig. 2 is AV, 0, (—y <0 and (?—y, < 0; 
from (31) follows, therefore JP <0. Consequently we find that 


AP == 


deser. Bride ENE 
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the pressure in fig. 2 must decrease from n along the saturation- 
curve, which is in accordance with fig. 2. 

In the point of figure 3 is AV, >0, #—y <0 and f—y, >0; 
from (31) follows, therefore dP>>0. Consequently the pressure 
must increase from the point 2 in fig. 3 along the saturationcurve. 
which is in accordance with fig. 3. 

In the point 2 of curve 5 in fig. 4 is AV, <0, ”—y > 0 and 
By, >0; from (31) follows, therefore dP>0. Consequently 
the pressure must increase from ” along curve 5, which is in 
accordance with the direction of the arrows. 

We may summarise the above-mentioned results also in the 
following way: when to the binary equilibrium 4+ LG (in which 
F is a compound of two volatile components) at a constant tempera- 
tnre we add a substance, which is not volatile, then the pressure 
increases when the binary equilibrium is between the point of 
maximum-sublimation 7x and the point of maximum temperature 
Ty; in all other cases the pressure decreases. 


In the consideration of the general case, that the vapour contains 
the three components (XI and XII) we have deduced that the 
saturationcurves under their Own vapourpressure can disappear in 
two ways at increase of pressure. 

1. The saturationcurve of the temperature 7’ disappears in the 
point H on the side BC [fig. 5 (XI). 

2. The saturationcurve of the temperature 7,7 touches the side BC 
in the point #7 and is further situated within the triangle ; at further 
increase of 7’ it forms a closed curve situated within the triangle, 
which disappears at 7’p in a point within the triangle [fig. 6 (XI)]. 

In the case now under consideration, that the vapour consists only 
of B and C, only the case 1 occurs; this has already been discussed 
above and is represented in fig. 4. It follows already immediately 
from the following that the case 2 cannot occur. On a closed 
saturationcurve under its oWn vapourpressure a point of maximum: 
and a point of minimumpressure occurs. On the curves now under 
consideration only, as we saw before, a point of minimumpressure 
can occur, so that closed saturationcurves are impossible. 

We may deduce this also in the following way and we may 
prove at the same time these curves, just as in the general case, to 
be parabolas in the vicinity of H. 

When we consider the binary equilibrium “+ liquid H + 
vapour, then «=O; we equate y—y,, y,=y,., and the pressure 
= Py. To this equilibrium applies: 
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jp oo iz, | 
ei) dy Td Zen (eel Oy, —f=0 
] 1 og 
U i OZ, 344 
dy oy, 


further we have: 
(Y¥:-0—/?) GE Wda) U U [yere] v= 0 ek: (33) 
which condition we may also write: 
Nen Vel 
5 | Men rele) 
Lo en ANN EE 
For a ternary pA eae EH LG, the liquid of which is 
situated in the vicinity of point H, the pressure is equal to 
Pada, «=, y=y,+y and y,=y,., Fn 
The three equations (17) pass then, when we use the conditions 
(22) into: 


v OV 


RER [e-V]a HE they? +4 & so tent. -H(y-B)L=O (85) 


fo—V,Jw A HE +} Ge) zt 4+...+(y,—f)L,=0 (86) 


ae Or 
iE U ETN pads chet aie eA ORE CD 
Herein is: 
E Ot dv 
Linten Pati. nk temin ee n° + 
By Oy dyOP 
(38) 
0 ae 07V 
th aie ES geen mt. +: an Sah hes cia 
OV, Ot, Vv, a V, 


In (35) and (86) y, and yo are Perth es y and y,; we shall 
do the same in the following equations. When we multiply (35) 
by y,—8 and (86) by y—B, then it follows with the aid of (37) that: 

(y,—8) RTS + 3 (y.—8)r & a Edi Ben eh, 


d 
|G) Sp EYE (4-9) Op | Ase —0.40) 


From (36), (87), and (40) it ee that this can be satisfied by: 
yn, of the order z, 4 of the order a and § of the order x’. 
From (35), (86) and (87) then follows: 


av av, 
th. === us )a vd Lr pn) pase vk (aL) 


15 


Lbh stat bat +h. 
Yi Yi 
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Substituting these values in (40) we find: 
| 2 (YOE Sa es ea EN 
wherein a has the same value as in (21) (XII). 


From this it follows with the aid of the first relation (41) that: 


Uy DRIE. ee 


In the same way as in (XII) we find that we may write for this: 


A d?l 
t° (y—B) (4, —) TP 
ARTE mien hade SAGE 


| òV\? 
(en =) 


d?l 
wherein a is fixed by (24) (XII). From this it follows that the 


curve going in fig. 4 through the point H is parabolically curved 
in this point and touches the side BC in this point. 


d?l 
As in this point y—-6< 0, y¥,—y <0, y,—8< 0 and IP? ral 
a 


€ is always negative. From tbis it follows that this parabola has 
only the point AZ in common with the triangle and is further 
situated completely outside the triangle. Consequently only the point 
H represents a liquid; its other points have no meaning. 


(To be continued). 


Chemistry. — “The system Ammonia-water’. By Prof. A. Sarrs 
and 5. Postma. (Communicated by Prof. J. D. v. p. Waars). 


(Communicated in the meeting of May 30, 1914). 


After the preliminary communication ') on this subject the inves- 
tigation of the system NH,-H,O has been continued in different 
directions, and it has now been completed. 

The continued research was directed in the first place to the 
accurate determination of the meltingpoint lines, corresponding 
with the pressure of one atmosphere. These determinations, which 
were now carried out by means of a gauged resistance thermo- 


tye These Proc XTl, p.<186, 
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meter !), as is in use in this laboratory *), gave the following result. 
(Method of procedure: supercooling a little and then seeding). 


Concentration | gold. of Wenen 
mixture NE eation 

100 mol. % NH3 | — 77.6° 

94.7 x 86.99 

90.4 = 83:7 

86.5 vay AN 

2S op. 4 | 
81.55 | 
NEE 

18.45 U 7 92.9 

73.5 EE Go. G 

14 — 80.3 | 

69.9 — 79.7 | 

66.7 Sd: 

65.8 — 78.9 | 

64.6 — 79.2 | 

62.0 — 31.0 | 

61.3 | — 81.7 | — 86.0 

60.7 | — 82.3 | — 86.0 
60.3 — 82.9 | — 86.0 

59.0 — 85.2 | — 85.8 

51.0 — 84.1 | — 85.8 

53.0 | — 80.2 | 

50.2 ENT | 

50.1 aon | 

49.3 eid û 

43.9 — 83.0 | 

42.2 | — 86.0 | 


1) Gauging points were: melting ice 0°, melting mercury — 38.85°. Boiling 
CO, + alcohol — 78.34° + 0.20 (B—76). Boiling point of oxygen — 182,8° + 0.36 
(B - 76). 

2) Cf. pe Leeuw. Z.f. phys. Chem. 77, 203 (1911). 

13* 
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eee er enen ne nennen 


CE Initial Final point 

aen |Den ef gld 
40.6 — 88.2 
39.8 — 90.7 
39.1 | — 91.7 
eto 18) — 97.1 

34.5 — 100.3 
34.0 — 96.7 
SANO — 89.2 
29.7 — 14.2 
28 — 68.8 
27.6 | — 63.7 
26.55 | — 59.4 
23.0 — 43.5 
20.2 — 34.9 
17.9 — 28.6 
4.46 — 4.8 
0.0 0.0 


This result is expressed in Fig. 1. 
From this 7-X fig. follows : 
for the point of solidification of the compound 2 NH,.H,O—78°.9. 
Ae NH,.H,O—79°.0. 
Further the eutectic point of NH, + 2 NH,.H,O + L appears to lie 
at 81.4°/, NH, and — 92.5°. 
of 2 NH,.H,O-+ NH,.H,O-+ L appears to 
lie at 58.5 °/, NH, and — 86.0°. 
of NH,.H,O + H,O + L appears to lie 
at 34.7 NH, and — 100.3°. 
Great difficulties were experienced in the case of the mixtures 
with less than 50°/, NH,, in consequence of the great viscosity of 
these mixtures at low temperature. 
Shortly after our just mentioned preliminary communication a 
treatise on the same subject by Rupert’) appeared in Journ. Am. 
Chem. Soc. 81 866 (Aug. 1909). 


>) >) bP) 9) 9) 9) >) 


bP) 


9) 


1) Further communication Journ. Am. Chem. Soc. 32. 748 (1910). 
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: ‘ 1 1 1 | 
NA, 40 30 . YO2NK HD 60 MEO 40 30 20 10 HO 
X 
Fig. 1. 


As point of solidification Rurerr determines the point at which 
the crystals brought into the liquid no longer grow or disappear. 
He measures the temperature accurate down to 0°.5 with a verified 
toluol-thermometer. Below —- 100° he uses a thermo-element, tested 
by comparison with the toluol thermometer and with the boiling 
point of liquid air. He himself considers the determinations with 
this thermo-eiement insufficient, which tallies with our results, as by 
extrapolation about —125° may be derived from Rupxrt’s investigation 
for the temperature of the eutectic point NH,.H,O + H,O + L, 
whereas this point lies certainly 24° higher according to Fig. 1. 

Leaving the region of concentration 30—40°/, out of account, the 
agreement between Ruprrt’s results and ours is fairly satisfactory. 
If we compare the principal points, we get what follows: 


Observer NH: | 2NH3.H_0 | NH..H20 
Rupert. | — 78.00 | — 79.0 | — 79.03 


Smits, POSTMA | — 77.°6 | == 18:95 | - 719.90 


Observer Eutecticum | Concentration | Temperature 
RUPERT. | NH3 + 2NH3.H2,0 + L 81.2 mol. 9/9 NH; — 94.°0 
Seb. | 5 * ; ol 5 — 92.59 
Rupert. | 2NH;.H,O-+NH3.H,O+L [57.9 „ , = silo 
SP; | : 4 x ISH hy 4 — 85.9° 
| NH3 .H,O--H,0 + L not determined by RUPERT 
| 
» | 


» ” " | 34.7 mol. NH, — 100.3° 


It is at once apparent from the determination of the melting-point 
diagram that the two chemical compounds, one with 2 mol. of 
NH, to 1 mol. of H,O, and the other with 1 mol. of NH, to 1 mol. 
of H,O are already considerably dissociated in liquid state at the 
temperature of solidification. 


Boiling-point lines. 


After centainty had been obtained in tbe way described here 
about the existence of two solid compounds between NH, and H,O, 
it was of importance to examine whether the existence of these 
compounds in the liquid state would also follow from the boiling- 
point lines observed at different pressures. These determinations, 
which were carried out with an apparatus as was used by 
Dr. pr Leeuw); yielded the result that there was no indication to 
be perceived that could point to the existence of compounds in the 
liquid. Hence it followed from this that at the observed boiling 
temperature the dissociation was already too strong, and that the 
investigation has therefore to be continued at still lower pressures. 

As the dynamic method is attended with all kinds of difficulties 
at low pressure, it was desirable to apply the statistic and not the 
dynainic method in the continuation of this investigation, and deter- 
„mine the vapour pressure line of different mixtures of definite 
concentration, from which the boiling-point lines and the p-a-lines 


') Zf. phys. Chem. 77, 284 (1911). 
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might then be derived. This investigation, in which also the mixtures 
which had previously been investigated dynamically were verified, 
yielded the following result. 

The following mixtures were examined. 


88,0 mol. °/, NH, 54,7 mol. °/, NH, 
Chae. aie Bi Gerace WOS 
TN oy ee EON NEE 
74,6 > ”) >, 85,9 7 be) be) 
69,5 33 bb be) 32,7 9) ef + Ie) 

Memo hee IEN 


the results of which are expressed in fig. 2. 


eN oth PS 


aes et 


These vapour pressure lines enable us to read the corresponding 
boiling temperature for a detinite pressure (see table I), hence to 
indieate the boiling-point lines, and that with an accuracy down to 
tenths of degrees, and it is also possible to indicate the vapour 
tension of different mixtures for a definite temperature (see table II), 
hence to find the (px)7-lines with an accuracy of, 2-05 mim. He: 

Fig. 3 contains the boiling-point curves, from which it appears 
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BA BEKER 
T-X- or boiling-point lines for different pressures. 


mol. 0, NH3 | p = 50 mm. p=100 mm. | p=150 mm. p=250 mm. p=380 mm. | p—= 7160 mm. 
EEN LE OEE ED BE sp Ce ONE A 
100 Er ON A ME 
88.0 — 14.6 — 65.3 Ae 43:8 — 30.4 
84.1 Td 2264.85. iv 5E aoe =! Ag 3 
17.8 ie == 685 — 56.3 = 47.9 — 40.5 06.8 
74.6 = a7T0essn } 61.1 — 54.9 — 46.6 == 30.1 25.4 
69.5 — 68.6 = 58s 7 == bod — 4818 = 6.3 se 2049 
66.3 — 66.4 — 56.4 =. 50,2 me — 3.0 = 11089 
62.7 — 63.6 — 53.6 —= 47,25 | sang — 30.9 | 
54.7 265,05 || 6 45,95. | == 36.3 = 40.5 de ds gt 
51.5 = Hb Ae. | = 251.6 = 26.6 =, 18.6 ae 
39.7 — 38.0 = 26.1 L =! 4G. 63> 5) =) 1002 = IG = 
35.9 = BOM = org == JA, 00-2 2) ae + 4.4 is 
32.7 =o — 16.6 == GEA IO Get ce eee ged A 
25.6 ind 53 de Ed == 42.75 Je = 

| 
TABLE It 
p-X-lines for different temperatures. 
t=—70° | t= — 65° | t= —55°| tf = — 45° Li nee f= =30 
mol. 9/9 NH3 pincmi.| PD | Î P P | P | p 
EN NE Seater ae SEN 
100 8.25 ie 22.6 40.95 69.95 5 En 
88.0 The 10.2 19.6 35.5 60.6 11.4 EN 
84.1 6.7 9.6 18.5 33.4 57.3 73.6 el 
71.8 5.8 8.4 16.2 | 29.5 50.5 65.0 me 
74.6 5.3 7.7 14.9 | 27.4 47.2 61.0 71.4 
69.5 4.55 6.5 2 kees 40.7 52.5 66.8 
66.3 3.8 5.5 11.0 20.5 36.0 46.9 59.7 
62.7 3.1 4.55 9.2 17.25 30.55 39.9 ll 
54.7 Ry 2.5 5.4 10.6 | 19.4 25.7 33.55 
51.5 3 1.95 4.2 83 | 15.5 eee 27.15 
39.7 Ee 0.85 {40/3008 Gul aes 11.0 
35.9 — — + 1.1 2.15 4.35 | 5.9 7.95 
Sa — 0.4 0.8 1.6 3.15 4.5 6.15 
25.6 ER a aa 0.9 1.65 ag 3.1 


190 


that even that corresponding to a pressure of 50 m.m. Hg. does not 
reveal anything about the existence ef compounds in the liquid 
phase; there is nothing to be detected here of a constriction at the 
place of the compounds, as was found by Dr. ATEN’) in his investiga- 
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tion of the system sulphur-chlorine, and by Dr. pr Leeuw’) in the 
system aldehyde-alcohol. 

Still more interesting is the consideration of the liquid lines of 
the (pz)r-sections, which are represented in fig. 4 for the tempera- 
tures. — 25°. IO 55°, — 65°, and — 70°, %) 


1) Z. f. phys. Chem. 54, 55, (1906). 

2) loe. cit. 

3) The vapour phases of the mixtures need not be investigated, as it appeared 
from a preliminary investigation that they practically consisted only of NH; at 
the examined temperatures, as was indeed to be expected a priori. 
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We see that at all the temperatures mentioned here these liquid 
lines exhibit the type>-of negative liquid lines’), as was met with 
by KonssraMM and van DALFSEN®) for the system ether-enloroform, 
and by GerracH®) for water and glycerin, while as BAKHUIS ROOZEBOOM 
remarked, such a line may also be derived from the investigation 
carried out by SCHREINPMAKERS*) for the system acetone-phenol. 

Nor do liquid lines of the (prv)r-sections give the least indication 
of the existence of compounds in the liquid phase, and it is most 
remarkable that this even applies to the liquid lines corresponding 
to a temperature of — 70°, so only 9° above the temperature at 
which the compounds separate out of the liquid; an indubitable 
proof therefore that the compounds found undergo a dissociation in 
the liquid, much greater than would have been expected. 

To complete the investigation the most important lines of the P7- 
projection of the spacial figure were also determined, the result of 
which is expressed in fig. 5, in which the three-phase lines of the 


two compounds are very apparent. The difference in triple point 

pressure of the two compounds amounts to + 17 m.m. Hg. 
Finally also the plaitpoint curve was partially determined; as was 

to be expected this curve does not present any particularity either. 


Anorg. Chem. Laboratory of the University. 
dq y t 


Amsterdam, May, 1914. 


1) Baxauis Roozesoom. Die Heter. Gleichgew. IL 40 (1904). 
2) Verslagen d. Kon. Akad. v. Wet. 1901, 156. 

3) Z. f. anal. Chem. 24, 106 (1885). 

4) Z. f. phys. Chem. 39, 500 (1902), 
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Mathematics. — “On Hermire's and Aper's polynomia.”’ By 
N. G. W. H. Brecer. (Communicated by Prof. W. Kaprteryn). 


(Communicated in the meeting of May 30, 1914). 


Prof. Kaptryn has deduced the following expansion *): 
(abx)? 


1 OT OMH, (2) Hy | 
EREN Se Se a (1) 
Vy (1—6’) 0 an nl! 
in which #H,, (2) represent the polynomia of Hermit. Let in this 
expansion a= 0, then we find: 


i222 
SE ee ee CN ee 
VY (1—6?) : on on! 

Now it holds good for the polynomia of Hermite that: 


Ha (0) = 0 Hay (0) = (— 1) yx A 


On account of which the above relation passes into: 


6272 
1 Ta oo Flo, (a 
en Ep gt ns oe 
v(1-—6°) 0 2?n, nl 
For the polynomia p,„(«) of ABEL we know the expansion: 
x4 
IS En ee 
9 Tee) oN ge al Anes (5) 
If we replace in (4) 6? by @ we find: 
Ox? 
] NE oo an 
ee yd 
vl) nd 


If we multiply the first member of this relation by 


(2n)! 
the second member by = 
0 Jan . (n!)? 


to the first member of (5). By equalizing the coefficient of 4” in the 

two second members, we find the following relation between the 
polynomia of ABEL and those of Hermite: 
(2k)! 

Q2n 7 > (-1 Neri 2 ! 

n (k!)?(n —k): 
If we multiply both members oï (6) by 
Hon _;(x) e—” dz 


and 


1 === 
V(1—6) 


Pr (z") = 


Hank (x) Sige ok a (6) 


1) These Proceedings. Vol. XVI, p. 1198 (22). 
g Pp 
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and integrate between — oo and + op, then we find by application 
of the well-known integrals: 


fe. (a) Ho, (2) e-? daz == 0 mon 


— oO 


Je (z)e dae = 2m. m! Yn: 


_ BD 


+a 
ele —a?d lyr (2m — 21) I(2a)! 
fo (a ) 2n— 22 (x) S ae eS ) (2/)?(n—1)!22 


= 60 


Vn. (7) 


Prof. KarreyN deduces the following representation by means of 
an integral for HERMITE’s polynomia ’): 


oo u? 
er” ei nm 
Ee Ve e *u"™cos| au — on du. 
0 


If we substitute this expression in (6): 


Go 2 


er? MEDE (2 jan 


ees AS (=a \n—* 
uy eo aT ee 
0 


ple) u2n—2k cos (vu— (n —k) 2) du 


or, if we work out the cosine 


@ 43 


De = n ak 
Pr(x’) : e 4 cosaudu = Sa urk) 5 (8) 
Pa, k=o (k/)? Dm)! 
Now is 
eef. Yy>kdy 
consequently 
n Dk)! n 2(n—k) ~ 
poy es y2rn—k)— S = fowta zE 
o (kl) (n—k)! o (kk!) (n—k)! i 
0 


7 i y Ln yen je ae 1 Zn y 2k 
= un Fe—Ydy > ee AS = 
o (AI)? (n—k)! nt okt) \u 
0 0 


For Ager’s polynomia we have: 


m (= Se) 


1) Le. p. 1194 (9). 
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so that we can write for (9) 


5 wm 
un y 
— Pep | — — | du 
2 
ni u 
0 


Substituted in (8) we get the double integral 


- 


op TE 


oo 
ex 2m 7. 
7 2 Ayn aud —ut g. (—t?)d 
Pr( x?) amt u cos zun fe pil —t)dt 
0 0 
if we introduce y = ut. 
By substitution of w= 2y it passes into 


oo 


set" 
pile) = eren cos deydy fear pPnl—t)dt . . (10) 


0 0 
Now we make use of the relation *) also deduced by Prof. Kaprryn 


an A 
he te Onlt 
i ——— dt = i PY) 5, en re re ee 
(1+¢)"+! 1+t 
0 


v 


In (10) we substitute «= Vt and then multiply both members by 


1 
—— et dt 
tay 
and integrate between O and ov, then we get by making use of (11): 
is. A 00 op oo 9 
in tn e “03 t 
edad SS fr yet dy | e-244 pj(—u°) du ae gv’ dt. 
(Ltr! niV x, 5 lt 
0 0 0 


G 
According to a well-known integral in the theory of the integral- 
logarithm, is *) 


oo 7) f 
Pe ») 4 en ) > 
cos Zy t & COS ZY $ : 
af SS 2 da = — eli, (e2¥)—e?y li (e—2Y) 
0 


lt 1+2? 
0 
consequently 
2 
ye ee eS a eae bev y2n+lle— 201i, (E29) + e2yli(e—2y)idy . 
Le a eae ery ni ey eee : 
5 e E3 / ) .(12) 
3 fr 2yu@,(—u") du. | 
0 ‘ 


By summation from n=O to n= 0 we find: 


1) le. XV, p. 1250 (14). 
2) See for instance “Theorie des Integrallogarithmus Dr. NierseN page 24. 
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& © 
et 4 VEEN AN DPR DPA = ta 
et dt = — me ey te— Alt, (e2Y) 4-e2yli(e—2y) dy f e—2yudu a Pnl-u*) 


0 2 u 
Now is’): 


o ym 


== — Pm (a) = J (2 az) 
0 al 


in which J; represents fe function of BEssEL of order zero. From 
this it ensues consequently that: 


is 6) 50 
4 a) 
l == — WE J ye UU, (24) + e?uli(e—2y)'dy foams y(2tuy)du. 
ae 
0 0 
As is known, 
S wen 2n 
J, (Buy) = EE 
in (al? 
sO 
Se 7 = yen 1 a @ 
e—2uy 2iuy) du = pee SiS ez 2¢2n de — 
J 0 (Bray) =; (n!)? n=O "y(n? af 
0 0 
(2n/) 


Fen y (nl)? ae 
Introducing this we have 


4 ay > 9 / 
EN ET SO 
Va ear (n (nJ)?22-+' 
0 


or 


4 DD 
oe f le li, (2%) + ey li(e2n] dy. (13) 
Va . 


S e (an | 
= = 


ane to an integral used before, is 


wo Es 2y 
fles exten 2y)|dy=— Ji afs a lim cos t arctg — Sat. 
6 4” Ft =De t 
0 


Formula (13) may also be written as follows: 


: li i) Pe ele (14) 
Un COS t APC q = fe . ; 
> ee 1 =o yo t 
n=0\ % 


22n-+1 
ese an | 
By multiplying formula (11) by — and by summation fromm = 0 
1: 
to n =o we find: 


1) These Proceedings XV, p 1246 (9). 
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Den oo pr \n 

atin Ge aN al = Wi) = alls 2 
A 0 lr) fits 5 DTO ahs tae (2V at) 
0 


or 
yt eae pet 

i= cle J, CV cd. © . Gay 
lt 1+t¢ 


0 


In order to deduce some more relations from formula (11) we set 
to work as follows. In Dr. Nianp’s dissertation’) the following 
relation is deduced for ABEL’s polynomia: 

ni 


pn (©) = — aS gr (a). 


By summation of formula (11) from n=O to n—1: 


Se n—l tn spe n—l 

AS a= atte 1p, (Et 
Je 0 (l+er+ SS ee 0 
0 0 


or 
By a neen ad '(t) dt 
fe festa 5 fie « 
0 0 
or 
Se tn ies 
ae ne Ee i pee ae en 
tf (+I Jinn ee 
0 0 


We integrate the second member partially : 


i t) d 
ee Pu WN 


e—t 


Lel 


er 0 i 
=== +f Yn (t) dt +f (ta Pn (t) dé. 
0 0 


Formula (16) passes into: 


a ti 
a Pr (t)dt pn (t) dt 
if (Lt) fi ae cts an 


or by application of (11): 


ee wes 


+ (+97 


Yn (t) = et py (t) dt = 


1) Over een bijzondere soort van geheele functiën. Utrecht. 1896 p. 19. 
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fe ; tn af f- tn ta je et 0 de 

Atie SS) | eee Uien | at. 
DET Ar TEER 

0 0 9 


The first integral of the second member we convey to the first 
member, and we find: 


eek Ent 1 
fe (tat =| q n (4) Cibee ° 5 e . ( 7) 
0 


0 


If we apply the same process to this, and again to the result, 
ete., we find at last after m-fold appliance: 
= hm 3 et 
A CAK a) ce 
f: (Lpi (ears Pu (0) ie) 
0 0 
We can render this formula still more general by summation 
from n=O to n= o after division by (—1)" m/; we get: 
ao oo 
fn “eat 
edt = J -_q, (t)dt. . . . . (19 
f (14 tH see pn (0) un 
0 0 
We apply the process explained above to this again and by 
summation again after division by (—1)"m/ ete. we finally find: 


few Ee d= nt fer Pa O dt (20) 
(1 +t)+1 Part (i kym+1 a ie eS ei 
0 


0 


in which & and m represent positive integers. 
Of course a formula analogous to (12) may be deduced from this 


@ 


e—k*u si du = 
(pay 
0 


(21) 


oD ee) 

— zn eV y2n+1 [e-2ykli (e?4l) + ezykli(e yk] afer 94 (—8) dt. 
nia 
0 0 / 

By summation, formula (13) is, however, found again. 

The formulae (4) and (5) may also be used in order to express 
the polynomia A, in y’s. For this purpose we multiply the two 
members of (5) by 

Ee I Pre) 

a 2 TE, 8/2 Te A 

By equalizing the coefficient of 4” in the second member of the 

14 


Proceedings Royal Acad. Amsterdam. Vol. XVIL. 
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equation, thus obtained, to the coefficient of 7° in the second member 
of (4) we find: 


n 1 1.3.5...(24-38) : 
DE Pr—WM a") } (22) 


Ho, (x) —(-1)"22"n! | f(x7)- oy (z°)- = 
Ter ak | ME ey 


By means of this expression an integral may be deduced. 
For if we multiply both members by 
eEpm (a) de 
after replacing a? by « and if we then integrate between O and o, 
we find, using the following well-known formulae’): 


fes me) Pn (xz) dz =0 m == n 
0 
fervor (ejdar == 1 
3 0 
1.3.5.. .(2n—2m—3) 
et pm («) Hon (Va) da = (-—1)"¥1 22". n/ 8 
(n- m)/ 2n—m 
0 
or after some reduction: 
ni 


( n! 1.3.5. .(2n—2m—8) (23) 
n—m): 


fo Pm (x?) Ho,(x)edu=( Er rl gn —] 
0 


m<n—l. 
In the same way we find 


J en pn (0°) Han (e) ade = (—1)n.2—-1 nt... (24) 
0 
and 
wD 
5) EE pas (0%) Han (a) ade = (—1)P-1. 2-2 nt. (25) 
0 
If we write formula (22) in this form: 
1» Tk—3) : 
Wa = k! Po Pi = a ) 


Ho, (x) = (—1)" 2%. n! sate ~4Gn—1(a@*) — 


we know that”) 


9 a 
Ty 
et 


di eta" kJ (2a Va)da. 
a ao) 


0 


Fn—k (2?) = 


') Dr. Nistann’s Dissertation page 11. 
2) These Proceedings XV. p. 1247. 
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This we substitute: 


kee} 


1 
H3,(2) = (— 1)r ‚ 22n inl, (a@?)— En! _1(a?) Lyla SVS ae eT (2e ode. 
2V x 
0 
n n! / 
Se V(k—} n ies 
EAT SN 
We further introduce: 
ce 3 
V(k—4) = fe-tt 2 de 
0 
and 
er” - a 
4 nl paille?) = mo fe. (2aVa)da art fetes 
0 0 
We find then: 
nn ter, fest eref en je 
A 
0 
or after some reduciion 
if 
Il Han (0) + nl Ga (0°) = | 
Bone eos ud EN) 
== a fe J, (22 Ya) de f ies (tre | dt | 
0 0 j 


For «=O, the following identities arise from the formulae (6) 
and (22): 


bo 
w 
Pe 
EN 
eN © 
to 


a n (2k/(2n—2k)! fa m UM os 
ko kl (n—k)! (2n)/ A= (an 
& 
and . 
@n)/ “ee a5 Ws 11.35 ..(2k—8) 
n! pe oe Qk 
or 
1 a 1 _ + 1 1.3, … pou le me (28) 
nf? gon de pk! Qk 
(2n)/ 
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Chemistry. — “The inetastability of the metals in consequence of 
allotropy and its significance for Chemistry, Physics, and 
Technics”. IL. By Prof. Ernst COHEN. 


The specific heat of the metals 1. 


1. In my first paper *) on this subject I called attention to the 
fact that the physical constants of the metals hitherto known, are 
to be considered as entirely fortuitous values which depend on the 
previous thermal history of the material used. 

In that paper I wrote with regard to the specific heat of the 
metals: Considering, for instance, the important part which the 
specific heats of the metals have played in chemistry and physics 
during the last few years, it is evident that a revision of these 
constants is wanted. 


2. Reviewing the earlier literature dealing with this constant, [ 
found that it contains already a number of data which prove unequi- 
vocally that the specific neat of the metals does indeed depend on 
their previous thermal history. 


Le Verrier published in the year 1892 a paper *) “sur ia 
chaleur spécifique des meétaux’’, in which he deseribes his measure- 
ments with copper, zine, lead, aluminium, and silver. The calorimetric 
determinations were carried out between O° and 1000° by the method 
of mixtures. The temperature of the metal at the moment at which 
it was brought into the calorimeter was determined by means of 
a Le CHATELIER pyrometer. 


3. Le Verrier stated that the mean specific heat remains as a 
rule constant till 200 —300°, after which it changes abruptly, as 
ProncHon *) also found in the case of iron, nickel and cobalt. 

The variation of the total heat (i.e. the quantity of heat required 
to raise the temperature of 1 gr. of the substance from 0° to 7 C.) 
with the temperature is consequently to be represented by a curve 
with breaks and not by a continuous one. 

In the neighbourhood of these breaks the condition of the metals 
is not only a function of the temperature, but also of their previous 
thermal history. 


\) These Proc. 16, 632 (1913). 

2) C. R. 114, 907 (1892). 

3) CG. R. 102, 675, 1454 (1886); 103, 1122 (1886). In full: Ann. de Chim. 
et de Phys. (6) 11, 33 (1887). 
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As a consequence of the retardations in the structural change 
(changements d’état) of the metal, a different value of the total heat 
is found vn cooling from that on heating. 

If a certain piece of metal is cooled or heated repeatedly, differ- 
ent values for the total heat are found. If we start from a lower 
temperature and return to it after having overpassed the break 
in the curve of total heat, a closed and not a single curve is obtained. 


4. This result is in complete harmony with the dilatometric and 
electromotive force measurements carried out by myself in collabor- 
ation with messrs. HeLDERMAN and Morsverp, on copper, cadmium, 
zinc and bismuth, measurements which led to the conclusion men- 
tioned above. 

5. Le Verrier’s paper contains some interesting data which we 
shall now consider in connection with our dilatometrie and electro- 
motive force measurements. 

The curve representing the variation of the total heat of copper 
as a function of the temperature, consists of four parts. At 350° an 
absorption of 2 Cal. occurs; at 550° an absorption of 2 Cal.; while 
at 750°, 3.5 Cal. are absorbed. 

Thus, while our dilatometric measurements proved that there exist 
more than two modifications of copper, the same fact was noted a 
long time before by Le Verrier, using a different method. 

The measurements of Le VeERRIER which are summarized in table I, 
have, however, been quite overlooked hitherto. 

It may be pointed out here that the transition temperatures which 
can be deduced from Le Verrier’s determinations will generally be 
too high. This is a consequence of the retardation of the molecular 
changes, which were also observed by him. Fresh experiments with 
the pure modifications of the different metals will throw light upon 
this point. 


6. From the determinations of Le Verrine there follows also, that 
there exists a transition point for lead which has so far been unknown. 
Experiments in this direction are in progress in my laboratory. 


7. The same may be said with regard to silver. 
8. Aluminium shows, according to Le Verrier, an absorption of 


10 Cal. at 535°. It may be pointed out that DrrreNBERGER (Phys. 
Techn. Reichsanstalt at Charlottenburg—Berlin) proved ten years 
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TAB ISES 
Temperature. Mean spec. heat. Total heat. 
Pb. 
0—230° 0.038 0.038 Xt 
220—250 Almost nil. Almost constant. 
250—300 0.0465 8.15 + 0.0465 (t—250) 
Zn. 
O0—110° 0.096 0.096 * ¢ 
100—140 very variable absorption of 0.8 Cal. in 
the neighbourhood of 110° 
1 10—300 0.105 11.36 + 0.105 (¢ —110) 
31.4 + 0.122 (t— 300) 
increases rapidly above 400° and 
300—400 0.122 4 amounts to 46 Cal. in the neigh- 
bourhood of 410° immediately 
before melting. 
Al. 
0—300° 0.22 0.22¢ 
300—530 0.30 65 + 0.30 (4300) 


Te crystallization of the silicium 
| occurs at + 500° and the break | 
530 —560 / lies with Al which contains Si in Absorption of 10 Cal. in the 
| the neighbourhood of this tempe- | neighbourhood of 535° 
rature 


( 139 + 0.46 (t—530) 
540—S00 0.46 170 Cal. at + 600°; increases 
rapidly and exceeds 200 before 
melting (620°). 


Ag. 
O0—260° 0.0565 0.0565 f 
260—660 0.075 14.7 + 0.075 (¢—260) 
ee + 0.066 (t—660) 
62 Cal. at + 930, imme- 
660 —900 0.066 diately below the melt- 
ing point. 
Cu. 
0—360° 0.104 0.104¢ 
320—380 0.104 Absorption of 2 Cal. at + 350° 
360—580 0.125 37.2 + 0.125 (t-360) 
560—600 0.125 Absorption of 2 Cal. at + 580° 
580—780 0.09 37 + 0.09 (£—580) 
740—800 0.09 Absorption of 3.5 Cal. at + 780° 
780 —1000 0.118 | rat (SON 
117 Cal. at + 1020°. 
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after Lr Verrier that this metal is capable of existing in more than 
one allotropic modification and he found a transition temperature 
between 500 and 600°. I hope shortly to report on this point, in 
connexicn also with a question which is important from a technical 
standpoint Le. the disintegration of aluminium objects at room tem- 
perature, a disease which is the cause of a good many complaints in 
industrial circles as well as in daily life. 


9. That others had never observed the phenomena described by 
Le Verrter may be explained by the fact that they had not heated their 
preparations repeatedly to high temperatures, as he did. We have 
also observed during our dilatometric researches that such a transition 
point can be overpassed several hundreds of degrees without any effect. 
If on the contrary the metal is repeatedly cooled and heated the 
transition is “set going’. As the means of overcoming these retard- 
ations are now known we ate able to avoid them. A systematic 
research in this direction is now possible and I hope to report 
shortly on it. 


Utrecht, June 1914. van "Tt Horr- Laboratory. 


Physics. — “Measurements of isotherms of hydrogen at 20° C. and 
15°.5 C”’ By Prof. Pa. Konnstamm and Dr. K. W. Watstra. 
Van DER Waars fund researches N°. 7. (Communicated by 


Prof. J. D. van DER WAALS). 
(Communicated in the meeting of April 24, 1914). 


§ 1. Choice of the substance and the temperature. 


With the apparatus described in N°. 5 and 6 of this series we 
have made measurements of hydrogen isotherms at 20° C. and 
15°.5 C. This choice was led by the following considerations. As 
we already set forth in the beginning of Communication N°. 5, one 
of the motives of our research was the desire to be able to make 
an accurate comparison with the results obtained by Amacar. Our 
first intention was to determine anew Amagat’s air isotherms; then 
we were, however, checked by peculiar difficulties. Every time, 
namely, when a measuring tube was filled with air in the way 
described in the previous Communication, and was then left for 
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some hours at high pressure, (above 1500 atm), it appeared to be 
unfit for accurate measurements after that time. When the apparatus 
was opened, the mercury appeared to be quite contaminated, the 
glass tube and the platinum contacts being also covered by a black 
substance. 

Though in view of Amacatr's experiments it could hardly be 
supposed that this substance was mercury oxide, formed by the 
action of the oxygen on the mercury, experiments of various kinds 
made it impossible to assume another cause. The supposition that at 
high pressure amalgamation of the platinum took place, proved 
erroneous, for in the black substance no trace of another metal than 
mercury could be demonstrated. Also the humidity of the air proved 
to be entirely without influence. When it finally appeared that neither 
filling with hydrogen nor with nitrogen yielded any trace, we 
could not but conclude that we had really to do here with the 
same phenomenon that Kurenen and Rosson’) and Kersom*) had 
observed when using closed’ air-manometers, namely that oxygen and 
mercury act on each other at pressures of about 100 atm. Kersom, 
however, describes a slow action, which only after the lapse of 
months manifests itself clearly; whereas we could demonstrate the 
formation of mercury oxide with certainty already after a few hours 
on account of the so much higher pressures. 

How it is that neither in his determination of air-isotherms nor 
in that of oxygen AMAGAT was troubled by this action, we cannot 
explain. After we had once ascertained it, the use of oxygen and 
oxygen mixtures was of course excluded. We therefore resolved to 
begin with measurements of hydrogen, which is most easily obtained 
in very pure state. The choice of the temperature of our measure- 
ments was directed by the desire to obtain a direct comparison with 
AMAGAT’S Measurements on one side, and a supplement to SCHALKWIJK’s 
very accurate measurements at low pressures on the other side. 


§ 2. Filling of the apparatus with pure hydrogen. 

Most of our determinations have been made with hydrogen from 
the factory “Electro” at Amsterdam, which sells cylinders of com- 
pressed electrolytically prepared hydrogen. For the further purifi- 
cation and the filling of the apparatus with purified gas the arran- 
gement was used of which fig. 12 gives a schematic representation. 
It fits on to the most lefthand part of fig. 6 at /. 


1) Phil. Mag. Jan. 1902, p. 150. 
*) Diss. p. 50—53. Thesis III. 
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A horizontal glass tube « passes on the lefthand side into a 
vertical tube c via an emergency reservoir 4. The tube ce can be 
fastened to the Gaedepump by means of a glass spring and a ground 


joint piece. In the middle of the tube a is a three-way-cock A, 
which gives access to a vertical tube d. A tube e is fused on to 
d, the former being provided with a cathode and an anode, which 
are connected with the secondary wire of a Ruhmkorff bobbin. The 
primary wire is simply connected with the electric light behind an 
incandescent lamp. The purpose of this tube will be mentioned 
presently. Attached to d is a branch tube /, bent downward, which 
‚may be considered as one of the limbs of a siphon barometer. The 
other leg g of the barometer is fastened to the righthand part of 
the tube a. In this there is another three-way-cock 5 with a branch 
tube h. To suck the mercury easily into the barometer tubes, resp. 
to expel it from them, a vertical tube with cock Cis adjusted into 
the transition from f to g. On the tubes f and g, which are filled 
halfway with mercury, millimeter divisions have been etched to a 
height of 1 m. To make the mercury mirrors visible at a great 
distance care has been taken that a lamp can be slid up and down 
behind these tubes, a strip of ground glass between the lamp and 
the tubes intercepting the heat and making the light more diffuse. 
To the right of the place where the tube g opens into a, the latter 
is bent downward, and passes into a wider tube 4, This tube is 
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provided with four branch tubes, whieh can all be shut off by cocks 
secured by mercury. For the filling with a single gas the presence 
of two of these branch tubes is sufficient, namely 7 and m, resp. 
with the cocks D and £. Tube / leads, as appears from the fig, 
to the mixing vessel, in which the normal volume at 1 atmosphere 
can be determined. The tube m leads to the gas reservoir via the 
purification apparatus. This gas reservoir is in casu a cylinder of 
hydrogen as said above. The rubber tube, which is connected with 
the pressure regulator, is fastened on the other side with solution to 
a horizontal glass tube 7. This tube 7 has a vertical side tube s, 
+ 1 m. long and ending at the bottom into a vessel with mercury. 
Further 7 is connected by means of a rubber tube to a tube of infusible 
glass q, Which is filled with platinum asbestos. The latter tube is 
connected again by means of a rubber tube to an ordinary drying tube 
p, with phosphorpentoxide, and the latter tube is again in connection by 
means of rubber with the above mentioned tube m. All the closures 
of rubber to glass are secured with solution. 

In order to fill the measuring tube with pure hydrogen, the cocks 
FE, D, and F are opened after the already mentioned operations 
(Comm. N°. 6, p. 828). The position of three-way-cock A is such 
that both sides of « are in communication with d. The three-way- 
cock B shuts off the tube g at the top. Position I. 

The airjet or oil-pump is made to serve in the beginning, the 
Gaede-pump completing the evacuation. When the air is sufficiently 
rarefied, the cock / is closed, and the empty tubes m, p,q, and r 
are filled with hydrogen from the cylinder. The mercury, which in 
the tube s has risen to barometer height in the meantime, will 
descend; the mercury difference in the tubes f and g still indicating 
the barometric height.*) Then the hardglass tube ¢ is heated, till 
the platinum asbestos begins to glow. The cock # is slowly opened. 
And while the gas is flowing into the empty space & and further, 
the hydrogen tube is again opened, so that the pressure in the tubes 
m, p,q, and r always remains + 1 atm. This is desirable because 
in case of too great rarefaction the glowing hardglass tube q indents, 
and soon gives way. The gas that flows through m to the different 
tubes, is almost pure, for the oxygen, for so far as it is present in 
the electrolytic-factory hydrogen, is quite combined with hydrogen 
to water throngh the catalytic action of glowing platinum asbestos, 

1) On account of an eventually too high pressure the tubes m, p, q, and r 


might burst now, if the open tube s with mercury safety valve had not been 
added. 
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and the water formed is entirely retained in the phosphorus-pentoxide 
tube p. When the mercury in f and g is again at the same level, 
it may be assumed that everything is filled with hydrogen of one 
atmosphere. Now the cock / is again closed; & and the other tubes 
are again evacuated. An idea about the purity of the gas which 
was found in the tubes after the first filling, is now given by the 
discharges in tbe cathode ray tube e. As long as traces of oxygen 


still contaminate the hydrogen (i.e. with air — and the presence 
of the latter appears at the same time — the only possible con- 


tamination) the tube will be filled with red light. When pure hydrogen 
has filled the tubes, the light will exhibit the well-known rice-colour. 
An opinion may then be formed at the same time about the degree 
of rarefaction attained, and also about the closure of different cocks 
and couplings. 

The tubes are then again filled with purified hydrogen, and after 
another evacuation and filling the purity of the gas in all the tubes 
may be safely assumed to be sufficient. Then the cock D is closed, 
the mercury bulb (see Comm. N°. 6 p. 828) is raised, and the pure 
hydrogen is in the first “pressure stage” ‚see p. 823). Now for a control 
the cock H was always closed once more, and the part of the tubes 
k, a, g, d, f, and e was exhausted, to ascertain the purity of the 
gas with which we are going to work by means of the colour of 
the discharge light. 

If, what need not yet be done, (p. 830) it is desired first to 
determine the normal volume of the gas at + 1 atm., before it is 
brought into the first “pressure stage’, / must be closed before the 
last filling. The difference in height between the mercury levels in 
/ and t, and also the temperature of the thermostat must be deter- 
mined. The barometric height can be read with the siphon baro- 
meter /, g.') But now the tube / must be in communication with 
the outer air. This may be effected by turning the cocks zl and 5 
90° in positive resp. negative direction (Position II). Then the tube / 
gets into communication with the outer air via # and h. This remains 
the case with g. But to prevent the tubes d and / to get commu- 
nication with the outer air also the cock A must be turned, but in 
opposite direction. The determination of the normal volume in V has, 
however, as said before, only sense when we wish to convey a 
quantity of gas quantitatively to the measuring tube, which has not 
yet been done. 

To ascertain whether sufficiently pure hydrogen was obtained in 


1) By means of a cathetometer and the scalar divisions etched on the tubes. 
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this wav, we made also a series of experiments with distilled hydrogen 
from the Leyden laboratory. The quantity of admixtures had been 


estimated at at the most by Prof. KAMERLINGH ONNes. We 


5000 
gladly avail ourselves of this opportunity to express our indebtedness 
to Prof. KAMERLINGH Onnus for his kindness. In the filling with this 
gas the purification apparatus could safely be omitted; the cylinder 
was therefore immediately connected with the tube m. The results 
of the measurements with this agreed within the limits of the errors 
of observation with the results obtained with the gas purified by 
us in the way described above. 


§ 3. The measurements. 


How through the different “pressure stages” the gas is conveyed 
to the measuring tube, has already been described above. Also how 
the temperature is then kept constant. This is seen by the deviation 
of the galvanometer, inserted into the Wueratstone bridge. To get 
a first idea the pressure at which the galvanometer needle deviates 
is read on the manometer, and a corresponding number of weights 
is placed on the rotating pressure gauge, after it has been brought 
in communication with the tubes. If the number of rotating weights 
is too great, some are taken off till the galvanometer needle has 
returned to its original zero position. At last a final condition is 
reached, in which the putting on of 50 grams on the rotating weights 
makes the needle deviate, while the needle returns to its position 
of equilibrium when this weight is removed. 

The accuracy with which the pressures are thus measured on the 
small and the large pressure balance generally amounts to this 25 
grams up to 900 atmospheres. When the measurement is made with 
the small pressure balance, which goes up to 250 kg. per em*. the 
galvanometer needle may be made to deviate and return by putting 
on or taking away 10 grams, and even when the contacts are very 
clean with less. As, however, 25 gr. implies already an accuracy 
of 1 to 10.000, which is not reached on account of other sources 
of error, there is no sense in going so far in the determination of 
the pressure. We only mention the fact as a proof of the very great 
accuracy of the pressure balance for relative pressure measurements. 

When one pressure measurement has thus been made, the pressure 
is increased. The galvanometer needle, which now would continue 
to deviate, must again be brought back to zero, because now another 
resistance of the volume wire is measured, 
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Thus for every platinum contact in the measuring tube the pressure 

at the corresponding volume is determined. Then the pressure is 
diminished, so that two series of observations of the same results 
must be obtained, but one passed through at increasing, the other 
at decreasing pressure. The pressure differences at two corresponding 
observations of two such series rarely amounted to more than 50 
grams. It must of course be continualiy verified whether the tem- 
perature differences inside and outside the measuring tube have 
disappeared. This has taken place when the resistance of the tem- 
perature wire (ef. Comm. 6 p. 833) has become constant. 

In the measurement of the highest pressures, so when the large 
“head” of the pressure balance is used, i.e. between 1200—2400 
atmospheres, the accuracy of the pressure measurement becomes less, 
especially on account of the increasing viscosity of the mineral oil 
used as transmission liquid. Yet the error will certainly remain 
below 7/600: 


§ 4. Determinations between 2 and 200 atms. 


As was already mentioned in Comm. 6 (p. 830) unforeseen diffi- 
culties prevented us from determining the normal volume of the 
quantity used in the apparatus itself. For the determination of the 
isotherm of 20° C. we could make use for the calculation of the 
normal volume of ScHALKWIJk’s measurements, as will become clear 
from the discussion of our results. Such data were wanting for 15°.5 C. 
And in order to be able to carry out al! the same an accurate 
comparison with AMAGAT’s measurements, we have executed measure- 
ments at lower pressures at that very temperature. In this way a 
control was obtained whether the equation for low pressures derived 
from the measurements may be extrapolated. 

We shall return to these points when our results are discussed, 
and first give a description here of these measurements too. As we 
again wished to use a large quantity of gas, the iron vessel D used 
in the large apparatus was used as a pressure cylinder. We then 
could fill the piezometer with a quantity of gas of the order of 
magnitude of 1 liter at 1 atmosphere. 

The piezometer originally consists of two pieces. The upper part 
was as the upper reservoir of our ordinary measuring tubes. At the top 
at a (fig. 13) there are + etched lines to be used after the cleaning 
of the tube. Lower down there is a widening 6; under this a sealed 
in platinum wire c, and at last an etched scalar division d. This 
tube was connected with a capillary, and bent round. A platinum 
wire is sealed into the bent part. Here a current can enter, and 


210 


leave through the mercury at the wire sealed in higher. When we 
provide the side-tube with a scale, and fill everything with mercury, 
and place it in a waterbath, a very accurate gauging is again 
possible as described in Comm. 5 p. 766. We first gauge the dis- 
iances of the etched lines, then the volume from these lines to the 
sealed in wire, and then from there to the etched sealar division, 
and this division itself. 


ah 
nee 


we 
EE | 11) 


Fig 13. Fig. 14, 


The large reservoir, which is to be sealed to this top piece is 
calibrated after this sealing, by filling with mercury the volume 
from the sealar division on the top piece to the scalar division at 
the bottom on the bottom piece. 

We now know sufficiently accurately the volume from the etched 
lines to the sealed in wire, and from here to the sealar division 
under the large reservoir. The tube is now fused to at the upmost 
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line, and at the bottom a bent tube is added. The brass flanged tube 
i of the pressure cylinder had been previously cemented at e, and 
after a few drops of mercury have been brought into the large 
reservoir, the tube is evacuated and filled in a horizontal position. 
When the tube has been filled with pure hydrogen, it is put erect, 
and the drops of mercury shut off the gas from the outer air. Then 
the whole thing is placed in a waterbath of 15°.5, while the differ- 
ence in height of the mercury in the tubes f and g is read. As 
the volume up to the scalar divison, and the division itself too, has 
been gauged, we now know the volume of a definite quantity of 
hydrogen at about 1 atm. and the desired temperature. In order to 
determine the pressure accurately, the pressure of the outer air 
must of course also be determined, for which purpose the siphon 
barometer is again used (p. 205). 

We can further dispense with the side tube, for it only served 
to protect the mercury at the bottom of the tubes against the water. 
It is knocked off at g, and after the still remaining tube has been 
entirely filled with mercury, the whole arrangement is put in the 
pressure cylinder filled with mercury. The pressure cylinder is 
closed, and connected with the hydrostatic press, which connection 
is also in communication with the pressure balance. By means of a 
rubber stopper a glass cylinder provided with a side tube at the 
bottom and at the top is put round the projecting part, so that 
water of 15°.5 from a thermostat keeps the gas at the desired 
temperature. The current was closed on the iron pressure cylinder ; 
then it passed through the mercury, and when the required height 
had been reached it passed further through the platinum wire. By 
means of the pressure balance the pressure at which the platinum 
wire is reached, hence the pressure at which the gas volume is 
diminished to the upper part, could be very accurately determined. 


§ 5. Corrections. 


Some corrections should be applied to the experimental results 
obtained in the above described way. First of all in the gauging 
the volume is obtained in gr. of mercury of a definite temperature. 
To reduce these values to the accurate volume in cm*. two reduct- 
ions must be applied. A reduction should take place to em’. by 
dividing the value in gr. of mercury by the specific gravity of 
mercury at the temperatures of the gauging. The specific gravity of 
mercury according to the Tables of LaNpoLrT and BöRNSTEIN was 
used for this reduction. Further the compressibility of the glass of 
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the measuring tube should be taken into account. The gauging takes 
place at 1 atm.; during the measurement the tube is subjected to 
a pressure on all sides, in consequence of which the volume decreases. 
As the correction in question is only a small one, we have thought 
that for our first calculations it would suffice if we took the com- 
pressibility of our glass equal to the valne determined by Amagav. 
We have therefore put the factor of compressibility at 22 > 107 
and assumed this quantity to be constant between 1 and 2500 atms. 
Also to the values of the pressure read directly some corrections 
should be applied. The weights in kg. read on the pressure balance 
should first be reduced to kg. per cm*. by taking the value of the 
effective area into account. In anticipation of the comparison of the 
small pressure balance with an open manometer of sufficient capa- 
city discussed in Comm. N°. 5 p. 759, we have assumed that the 
effective area of the small balance, the piston of which is as 
accurately as possible ground in at 1 em? really amounts to 1 cm’. 
Since we- wrote our first communication we have been greatly 
strengthened in the conviction that we cannot make great errors in 
this way, by the result of Grore KreiN’s research '). According to 
his investigations*) the error in consequence of the neglect of the 
difference between piston and cylinder sections for ScHÄFFER and 
BupENBERG’s balance amounts ‘o at most O.1°/,,, and the deviation of 
the indicated and the directly measured value of the difference of 
the two piston sections is 0.4°/,, in the case examined by him. 
Now the large pressure balance could be compared with the small 
pressure balance by measuring the same point of the isotherm in 
the neighbourhood of 250 atms. first with the one, and then with 
the other. So the measuring tube with the galvanometer in connection 
with it ete. serves simply as a manoscope, to judge when in the 
use of the two balances the pressure is exactly equal. It then appeared 
from some observations carried out in this way that when the section 
of the small balance is put at =1 em’., the section of the small 
head of the large balance must also be put at 1 em°. within the 
limits of the errors of observation. As at these pressures the errors 
of observation are very small as we saw above, and will certainly 
remain below 0,2°/,,, this result is a new confirmation of the great 
accuracy of the ScHArFER and BupDENBERG pressure balances, and it 
gives therefore a new support to the validity of the made supposition. 
In the same way a comparison was made between the small and 


!) Untersuchung und Kritik von Hochdruckmessern. Berlin 1909. 
ey Loe. eit, p. 47. 
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the large head of the large pressure balance in the neighbourhood 
of 1200 atms. Instead of the theoretical numerical ratio 4, three 
measurements gave resp. the values 4,012, 4,015, 4,016, average 
4,014. The weights when the large head is used, must therefore be 
multiplied by this value. 

The thus obtained value for the pressure in the head must now 
still be corrected for the excess of pressure of one atmosphere, and 
for the hydrostatic pressure difference between the head of the 
pressure balance and the measuring tube on account of the merenry 
and oil columns. These liquid columns were roughly measured, in 
which 1 em. of mercury more or less need not be considered : nor 
need the oscillations of the barometer be taken into account. 

Finally the thus obtained pressure had to be reduced to atmospheres 
of 1,0336 kg. per cm’. 

In table T. 


The column under v, indicates the weighed volume in gr. of mercury. 


me Re 5 Pkg the number of kg. on the pressure balance. 

En De > pe the pressure, corrected for hydrostatic pressure 
difference in kg. per em?. 

5 = „ p the corrected pressure in atmospheres. 

~~ E ,» 8 the ratio of the volume at 1 atm. and at the 


measured pressure in consequence of the com- 
pressibility of the glass. 


ki 5, », Bu, the product of @ and »,. 
Se s „ v the corrected volume in em’. 
a = , pv the product of p and v. 
TAB EET 
5/6 November 1912. 
f= 202; 


| 
Vg Pre 2, Î | 3 Beg v | Pv 


67.1491 195.850 194.750 \ 188.419 | 099959 | 67.1216 | 4.95473 | 933.57 
55.0632 245.400 | 244.300 | 236.358 | 0.09048 | 55.0346 | 4.06250 | 960.26 
45.4959 | 306.575 | 206.175 | 296.222 | 0,99935 | 45.4663 3.35620 | 994.18 
31.3710 390.200 | 389.800 | 377.128 0.99917 | 37.3400 | 2.75633 | 103040 
31.0962 | 494.550 494.150 | 478.086 | 099895 | 31.0636 \ 220302 | 1096.26 
27.4110 | 587.000 | 586.600 | 567531 | 099875 | 27.3756 | 2.02087 | 1146.91 
22,7206 769.500 \ 769.100 «744.008 \ 0,99836 | 22.6923 1.67508 1246.42 
19,3102 992.625 992.225 959.970 0.99789 19.2695 | 1.42242 136548 


Proceedings Royal Acad. Amsterdam, Vol. XVII. 
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TABLET. (Continued). 


November 21, 1912. 
tr 


Kate P Sa | BU v pv 


90.3267 | 130.200 129.100 124.903 | 0.99973 | 90.3019 | 6.66580 832.58 


85.4277 | 
43.1526 | 202.925 | 202.525 | 283.016 | 0.99938 | 43.7255 | 3.22769 | 913.49 


87.5019 | 134.700 | 133.600 | 129.257 | 0.99972 | 87.4774 | 6.45734 834.66 
| 138.250 | 137.150 | 132,692 | 0.99971 | 85.4029 | 6.30420 836.52 
| | 


34.5011 | 391.600 | 391.200 | 378.483 | 0.99917 | 34.4725 | 2.54466 963.11 
25.0070 | 599.600 | 599.200 | 579.721 | 0.99872 | 24.9750 1.84358 | 1068.76 


December !/;5, 1912. 


E— 202 


60.4928 | 222.500 221.400 214.203 0.99953 60.4644 4.46331 956.05 
58.0261 | 233.000 231.900 | 224.361 0.99951 58.0676 | 4.28639 961.70 


55.9451 | 243.350 | 242.250 | 234.375 | 0.99948 | 55.9160 | 4.12756 967.40 


53.7822 | 254.700 253.600 245.356 0.99946 | 53.7532 | 3.96791 973.55 


48.5533 286.400 | 286.000 276.703 | 0.99939 48.5237 | 3.58188 991.07 
45.9361 | 306.000 | 305.600 | 295.666 | 0.99935 | 45.9062 3.38867 | 1001.91 
42.9934 | 331.450 | 331.050 320.288 | 0.99929 | 42.9629 | 3.17140 | 1015.72 
39.4220 | 368.150 | 368.350 | 356.316 | 0.99922 | 39.3913 | 2.90775 | 1036.25 
35.8492 | 415.575 | 415.175 1061.99 


22.0889 | 814.000 | 813.600 | 787.152 | 0.99827 | 22.0507 | 1.62772 | 1281.24 


401.679 0.99912 35.8177 | 2.64396 


February 10, 1913. 
f= 20°. 


| | | | | | | 
65.7937 | 225.050 | 223.950 | 216.670 | 0.99952 | 65.7621 4.85437 1051.80 


34.9813 | 485.200 484.800 | 469040 | 0.99897 | 34.9453 | 2.57956 | 1209.92 


| 


27.9749 | 660.000 659.600 « 638.158 | 0.99860 27.9357 | 2.06214 1315.97 
21.3'24 995.000 994.600 952268 | 0.99788 | 21.3470 © 1.57578 | 1516.32 
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TABLE I. (Continued). 


t= 2023 
EN EE TS ESE = ites 
te Pre Po p eae | Bvg 

| | | 
aS a | a | cee [Ee De Ga ee 
| | | 
65.7937 | 220.200 | 219.100 | 211.929 © 099953 | 65.7628 | 
| 
34.9813 | 472.950 472.550 457.188 0.99899 34.9460 
27.9749 | 641.825 | 641.425 620.574 0.99863 27.9366 
21.3924 964.100 | 963.700 932.372 0.99795 21.3486 | 
| | 
14.4836 | 487.750 | 1960.3 18966 0.99583 14.4232 
| | | | 
February 13, 1913. 
€20: 
| | | 
65.7937 196.850 195.750 | 189.391 | 0.99958 | 65.7661 
| 
34.9813 416.300 a 402.382 | 0.99911 34.9502 
27.9749 | 558.800 | 558.400 | 540.251 | 0.99881 27.9416 | 
ceca 400.250 1609.1 | 1556.8 0.99658 14.4341 
April 22/54, 1913. 
n= 
| | | 
36.1414 351.450 351.050 339.643 0.99925 10.7858 | 
32.4244 | 402.700 | 402.500 - 389.221 | 0.99914 13.7748 
21.1098 | 720.400 720.000 | 696.590 0.99847 17.2937 | 
17.3297 | 980.000 | 979.600 | 947.755 0.99792 | 21.0775 
| | | | 
13.8172 | 361.000 | 1451.5 | 1404.3 | 0.99692 | 32.3965 | 
10.8401 | 587.750 pees | 2284.9 | 0,99497 | 36.1143 | 
April 22/54, 1913. 
=S 
| | 
36.1414 345.900 | 345.500 | 334.272 0.99926 | 10,7864 | 
32.4244 395.950 395.550 | 382.691 0.99916 12.0677 | 
21.1098 708.200 | 707.800 684.791 0.99849 13.7753 | 
17.3297 964.100 | 963.700 932.374 0.99795 17.2942 | 
| | 
13.8172 | 355.150 | 1430.4 1383.9 0.99695 | 21.0779 | 
121097 | 457.000 | 1836.9 TEA 0.99609 32.3972 
10.8401 580.250 2331.6 0.99504 36.1150 


| ‘ 


| 


February !"/;5, 1913. 


2255.8 


v 


4.85443 


2.51962 


2.06220 
1.57589 | 


1.06468 


4.85467 


| 2.57993 


2.06257 


1.06548 | 


2.6559 
2.3914 
1.5559 
1.2765 
1.0168 
0.7952 


2.6659 
2.3914 
1.5559 
1.2766 
1.0168 
0.8904 
0.7962 


Pv 


1029.03 
1179.37 
1279.75 
1469.32 
2019.27 


919.42 
1038.14 
1114.30 
1658.74 


905.45 
930.79 
1083.89 
1209.81 
1427.89 
1819.24 


891.16 

915.20 
1065.47 
1180.26 
1407.15 
1582.42 
1796.07 


15* 
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TABLE, L(Continued): 
June 4, 1913, 


bias ee 
mg | Php Pr ree hef | 8 | Bug | ee | Pv 
64.3346 | 141.800 | 140.700 156.13 | 0.99970 | 64.315 4.7476 | 646.28 
59.8154 | 153.475 | 152.375 147.42 | 0.99968 59.796 4.4140 | 650.71 


27.1963 370.500 | 370.100 358.07 0.99921 


27.714 2.0502 734.12 


| 


21.2326 524.750 | 524.350 507.30 | 0.99888 | 21.209 | 1.5656 7194.23 
16.2658 766.100 | 765.700 740.81 | 0.99837 | 


16.239 | 1.1987 888.01 


12.1023 | 1236.000 | 1235.600 | 1195.4 | 0.99737 | 12.070 0.89097 1065.07 


In conclusion we give the two observations at 15°.5 for the deter- 
mination of the compressibility between 100 atmospheres and atmos- 
pheric pressure. The first column gives the pressure in atm., the 
second the volume in em’*. the third the product pv. 


TAB PSE 
November 1913. 
n= le 
1.0384 | 484.6 503.19 
97.91 5.4474 533.35 


December 1913. 


P= 1595. 
| 
1.0004 536.07 | 936:28 
104,82 5.4474 570.99 
Amsterdam. Physical Lab. of the University. 
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Physics. — “The hydrogen isotherms of 20° C. and of 15°.5 C. between 
1 and 2200 atms.” By Dr. K. W. Warsrra. VAN DER WAALS’ 
fund: researches N°. 8. (Communicated by Prof. J. D. van 
DER WAALS). 


(Communicated in the meeting of May 30, 1914). 
vab: 
$ 1. Agreement of the observations below 1000 atms. with 
SCHALKWIJK’s zsotherms. 
For each of the series of observations given in the preceding 
Communication we have determined an empiric equation of the form : 
PV=a+6DicD+dD. 


As only series of observations below 1000 atms. can be represented 
by this equation with 4 virial coefficients, only these series come 
into consideration for the present. The obtained observation material 
above 1000 atms. will have to be considerably extended to enable 
us to calculate the following virial coefficients with the same 
certainty. 

If of the above equation we wish to determine a, 0, c, and d, 
we get a number of equations equal to the number of obser- 
vations, and consequently then with 4 unknown quantities. To 
solve these equations according to the method of least squares 
is not feasible, as then the normal equations become practically identical, 
which may already be seen beforehand. We have been able to apply 
Prof. E. v. p. SANDE BAKHUIJZEN’'s method successfully, which was also 


T=20°. 5/, November 1912. T= 20°. 21 November 1912, 

5 | EE re ‘ D 

P | PV(O) | PV(C) | (0)-(C) P| PV(O) | PV (C) | (O)-(C) 

| | 

959.97 1365.48 | 1365.48) 0.00 579.72 1068.76 1068.76 0.00 
744.10 | 1246.42 | 1246.43) —0.01 378.48 963.11, 963.11 0.00 
567.53 | 1146.91 | 1146.81 | +0.10 283.02 | 913.49 913.49 0.00 
478.09 | 1096.26 1096.42| —0.16 132.69 | 836.52| 936.49} +0.03 
377.13 | 1039.49 | 1039.49} 0.00 129.26 | 834.66| 834.66} 0.00 
296.22 | 994 18| 993.95| + 0.23 124.90 | 832.58| 832.55] +0.03 
236.36 | 960.26) 960.42} —0.16 PV =T710.50-+311.45D 4 


+ 272.26 D2 4 192.62 D'. 
188.42 | 933.57) 933.56 | +0.01 | 


PV —829.11 + 445.08 D + 
+ 353.40 D2 + 197.28 D4. 
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T=207:. « “fio December 1912, Ii ek 10 February 1913. 
P _|.PV(O) | PUC) (0)-(0) P | PV(O) | PV(C) | (0)-(C) 

787.15 1281.24 1281.25 —0.01 962.27 | 1516.32 | 1516.32} 0.00 

401.68 | 1061.99 1062.00, —0.01 638.16 1315.97 | 1315.97) 0.00 

256.38 | 1036.25 | 1036.21 + 0.04 469.04 1209.92 1209.92) 0.00 

320.29 | 1015.72 1015.76 —0.04 216.67 “1051.80 1051.80 0.00 

295.67 | 1001.91 1001.81 +0.10 PY 208 ise: REDE 

216.70 | 991.07) 991.12, —0.05 “Sa Fae end 

245.36 | 973.55 073.51. -+0.04 

234.38 | 967.40, 967.35 | +-0.05 

224.36 | 961.70. 961.75 —0.05 

214.20 | 956.11 —0.06 


956.05 


PV = 842.61 + 409.64 D + 
+ 423.18 D2 + 191.36 D4. 


used at Leyden for the calculation of Amacat’s values at the time. 
(See Comm. 71). In how far we have succeeded in determining 
the empiric equations may appear from the following tables. We 
have placed there side by side P, ?V(O) — observed pressure and 
pressure > volume —, and PV(C) — calculated with the known 
volume from the empirie equation ; (V0) —(C) the difference between 
the product PV following from the observaticn and that following 
from the formula. 


== 202; 11, February 1913. T= 205 22/54 April 1913. 
P | PV(O) PV(C) | (0)-(C) P Pro | Pro (O)-(C) 
=~ ï 
932.37 |1469.32/1469.32\ 0.00 947.76 1209.81 | 1209.81 0.00 
620.57 1279.75 | 1279.75. 0.00 698.53 1086.84| 1086.84 0.00 
| | | 
457.19 | 1179.37 | 1179.37) 0.00 389.22 | 930.78 930.78 0.00 
: | | 
211.93 | 1029.03 | 1209.03) 0.00 339.64 | 905.45 905.45, 0.00 
| | 


PV = 904.53 }499.85 D + 


| 494.67 D2 + 298.61 D4, 


PV = 132.61 + 358.69 D + 
+ 257.51 D2 + 101.20.D4, 
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de == 120°; 4+ June 1913. 


P| Pro | Pro | (OC) 


740.81 888.01 | 888.01 + 0.00 
507.30 | 794.23 | 794.22 | + 0.01 
358.07 134.12 | 734.12 | + 0.00 


147.42 | 650.71 | 650.68 | + 0.03 
136.13 | 646.28 | 646.30 | — 0.02 


PV = 596.07 + 207.24 D + 
+ 147.31 D2+ 34.13 Dt. 


To find out whether these series of observations are in harmony 
with each other, they can be brought in correspondence directly. 
We did so before, and found only a slight deviation between them. 
Besides it is also possible to try and make all the series of obser- 
vations agree with SCHALKWIJK’s isotherm, and then compare them 
also inter se. But then there must first be a reason to suppose that 
it was possible to make these observations agree with SCHALKWIJK'’s, 
and this had soon appeared. When in December 1912 only three 
series of observations had been found, we calculated from that 
which contained the greatest number of observations (Dec. ''/,, 1912) 
an empiric equation from four of the observations, viz. at 787.15, 
401,68, 320,29, 276,70 atms. 

The other observations of this series appeared to be in good 
agreement with the found equation: 

PV = 841.70 4+ 415.09 D + 414.10 D° + 198.16 D*. 

Also the two series of observations of Nov. 1912 appeared to be 
in harmony with this. Then a comparison with SCHALKWIJK’s obser- 
vations was attempted by reduction of the above equation to one 
with the same virial coefficient: a as SCHALKWIJK, viz. a = 1.07258. 
This reduced equation then becomes: 

PV = 1.07258 + 0.0,6740 D + 0.0,8569 D? + 0.0,,6659 D*, 
SCHALKWIJK giving: 

PV = 1.07258 + 0.0,6671 D + 0.0,993 D°. 

This equation holds from 8 to 60 atms., ours from 200 to 800 
-atms., but we are now going to try to extrapolate with respect to 
the region of the lower pressures in order to compare these extra- 
polations with SCHALKWIJK’s. 

The differences are most apparent when the product PV is deter- 
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mined from the two equations for different values for D, and the 
products are joined in the following tables. PGS) is then calculated 
from SCHALKWIJK’s equation with 3 virial coefficients; PV (P) from 
our provisional equation. 


D | PVS) | PVP) | (P)(S) D | PV(S)| PV(P) | (P)-(S) 
1 | 1.0733 | 1.0733 | 0.0000 100 | 1.1492 | 1.1486 | —0.0006 
10 | 1.0794 | 1.0794} 0.0000 200 | 1.2457 | 1. 2427) —0.0030 
20 | 1.0863 | 1.0864 | +0.0001 300 | 1.3621 | 1.3573 | — 0.0048 
30 | 1.0935 | 1.0936 | 40.0001 400 | 1.4983 | 1.4963 | —0.0020 
40 | 1.1009 | 1.1009} 0.0000 500 | 1.6544 | 1.6654 | +0.0110 
50 | 1.1085 | 1.1084 | —0.0001 600 | 1.8303 | 1.8718 | +0.0415 
60 | 1.1162 | 1.1161 | —0.0001 700 | 2.0261 | 2.1241 | +0.0980 
70 | 1.1242 | 1.1240 | —0.0002 800 | 2.2418 | 2.4330 | 0.1912 
80 | 1.1324 | 1.1320 | —0.0004 900 | 2.4773 | 2.8102 | +-0.3329 
90 | 1.1406 | 1.1402 —0.0004 


The deviations found in this way from what follows from SCHALKWIJR’S 
equation with the extrapolations from our provisional equation 
appeared to be surprisingly small. Only at a density 100 or P= + 115 
atmosphere pressure the difference is greater than 1 per 2000, but this 
is far outside the region of SCHALKWIJK’s observations. At D == 200 
or P= + 250 atms. the difference becomes 1 per 400. Later on it 
diminishes again, and takes opposite sign, but D = 500 or P= + 890 
atms. lies again outside the region of our series of observations. 

In connection with the mutual correspondence of the series of 
observations, the possibility of an agreement with SCcHALKWIJK has 
appeared from this. 

In order to be able to compare the 7 series of observations inter 
se, and judge at the same time about the agreement with SCHALKWIJK, 
we have reduced the 7 empiric equations in such a way that they 
give PV = 1.3573 for D300. This is then in agreement with 
the above table. Then the equations become: 


I PV =1.06625 + 0.03;73496 D + 0.0375009 D2 + 0.0;,69144 D4. 5/g Nov. 1912, 
Il PY =1.06917 +-0.0371540 D + 0.0572697 D2 + 0.0;299111 D4. 21 Nov. 1912, 
HI PV = 1.07375 + 0.0466523 D + 0. 0687561 D? +-0.0;,64295 D4. Wig Dec. 1912, 
IV PV = 1.06920 + 0.0368353 D + 0.185981 D2 + 0.0,262047 D4. 10 Febr. 1913. 


V PV = 1.06893 + 0.0369806 D + 0.081640 D2 + 0.0,968826 D*. —11/,, Febr 1913. 
VI PV = 1.05753 +0.0474126 D + 0.071437 D2 + 0.04963400 D4. _ 22/94 April 1913. 
VII PV = 1.07341 + 0.067205 D + 0.086024 D2 + 0.0,264632 D4, 4 June 1913. 
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At 407.19 atms. (300 1.5573) the series of observations have 
now been reduced in agreement with each other. 

From these equations we calculate first the product PV for the 
densities 100, 200, 300, 400, and 500 for so far as the corresponding 
pressures lie in the region of observation of the series, and hence 
agreement may be expected. We then find: 


D | 100 | 200 300 400 | 500 
I | 1.1491 | 1.2429 | 1.3573 1.4961 es 
I] | 1.1491 | 1.2428 | 1.3573 | 1.4963 1.6654 
Ill — | 1.2426 | 1.3573 | 1.4959 1.6641 
IV fs 1.2423 | 1.3573 | 1.4963 1.6650 
Vv zn 1.2419 | 1.3573 | 1.4967 1.6653 
MF ae -- | 1.3573} 1.4966} 1.6644 
le ese 1 802430": 1.3573 | = = 
Mean 1.1491 | 1.2427 | 1.3573 | 1.4963 1.6648 


Besides with the mutual agreement, we are struck here with the 
agreement of the mean values PV’ with those determined provisionally, 

We reproduce therefore this part of the table and place the mean 
values PV(M) by the side. 


D | PV(S) | PV(P) | PV(M) 
100 | 1.1492 | 1.1486 | i.1491 
200 | 1.2457 | 1.2427 | 1.2427 
300 | 1.3621 | 1.3573 | 1.3573 
400 | 1.4983 | 1.4963 1.4963 
500 | 1.6544 1.6654 | 1.6648 


It remained to draw up an equation which satisfies the last table 
of the mean values with a=1.07258 in accordance with SCHALKWIJK’S 
isotherm. This final equation drawn up for convenience with five 
virial coefficients, becomes: 

(Pf). PV = 1.07258 + 0.0,6763D — 0.0,88215 D? + 
+ 0.0,,66954D* — 0.0, ,151D*, 
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This equation not only represents all our observations as well as 
possible; but the agreement with SCHALKWIJK’s results appears to be 
even better than for the provisional calculation, which is seen from 
the following table. 


D PSD) OS D | PVS) | PV(F)\ (PS) 
id | | ae 

1 | 1.0738 "1.0733 9.0000 60 1.1162 | 1.1163 40.0001 
10, 1.0794 1.0794 | 0.0000 70 11242 1.1242 | 0.0000 
20 | 1.0863 1.0864 +0.0001 80 1.1324 1.1324 0.0000 
30 1.0935 | 1.0936 0.0001 90 1.1406 + 1.1406 0.000 


‚— 0.0001 


40 1.1009 1.1010 .+0.0001 100 | 1.1492 ‚1.491 
50 1.1085 | 1.1086 | +0. 0001 | 
| 


! ” 


The tinal equation may therefore be considered to represent the 
whole region of the isotherm below 1000 atms. The agreement with 
SCHALKWIJK is perfect up to D= 100, which corresponds with a 
pressure of 115 atms. Reversely it appears therefore that we may 
extrapolate up to +120 atms. from the equation at which ScHALKWIJK 
arrived from his observations from 8 to 60 atms., viz. 


PV = 1.07258 + 0.0,6671 D + 0.06993 D®, 


At D = 200 or P=250 atms. the error which would 
then be made, becomes already 3 per 1000. For greater densities 
up to M=500 the number of virial coefficients 3 is too small. It 
must then be 4 at least. It will not do simply to add a 4“ coeffi- 
cient to SCHALKWIJK’s equation, which appears from the deviations, 
which (see table) are now positive, now negative. 


§ 2. Comparison of the observations at 15°.5 with AMAGAT’s. 

We have one series of observations with 4 data below 1000 atms. 
and three above it at our disposal. (See p. 215). 

An equation has been calculated from the 4 data below 1000 as 
a control of the observations at + 100 atms. (See preceding com- 
munication). To compare our data with those of Amaacar at 15°.4 
we have calculated an empiric equation with 6 virial coefficients 
from 6 observations. In the seventh observation at 383 atms. we 
have then a control, 


223 


P PV (O)| PV(C) | (0)-(C) 


2255.8 1796.07 1796.07 0.00 
1777.2 1582.42 1582.42, 0.00 
1383.9 1407.15 1407.15 0.00 
932.37 1190. 26 190. 26 0.00 
684.79 1065.47 1065.47 0.00 
383.29 916 ot 916.66 —0.02 
384.27 | 801. 16. 801.16 0.00 


| 


| 


PV = 637.965 + 892.46 D — 735. 72D" + 1215.49 D* — 
— 787.959 D® + 204.470 D*. 

With the value of PV at 700 atms. this equation is then reduced to: 
PV = 0.92967 + 0.0,18953 D — 0.0,22767 D? + 0.0,,79888.D* — 
— 0.0,,10996 D*® + 0.0,,60639 D*. 

The easiest way for the calculation is now to compare the pressures 
for the same volumes as Amacat. We then find: 


V P(Am.), P(C) | (C(Am) 
0.002234 | 700 | 700 0 
0.002046 | 800 800.5 0.5 
0.001895 | 900 904.7 4.7 
0.001778 | 1000 | 1005.3 5.3 
0.001685 | 1100 | 1101.8 1.8 
0.001604 | 1200 | 1200.7 | 0.7 
0.001533 | 1300 | 1301.6 1.6 
0.001472 | 1400 | 1401.0 1.0 
0.001418 | 1500 | 1500.9 0.9 
0.001370 | 1600 | 1601.1 | 1.1 
0.001326 | 1700 | 1704.2 4.2 
0.001288 | 1800 | 1804.2 | 4.2 
0.0012545 | 1900 1902.6 2.6 
0 0012225 | 2000 | 2008.0 8.0 
0.001194 | 2100 2113.6 | 13.6 
0.001685 | 2200 | 2220.2 | 20.2 
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These deviations and especially the progressive ones above 2000 
atms. cannot be explained from the temperature difference of 0°.1, 
among others on account of their irregularity. This would give a 
pressure difference of no more than 0.6 atm. at 2000 atms. For the 
rest the deviations are too large and too systematical to be con- 
sidered as accidental errors of observation. The most obvious explana- 
tion, a systematic error in the absolute pressure measurement made 
by AmaGat or by us, cannot be accepted either, as it would yield 
a deviation proportional for large and for small pressures. Probably 
the same causes come into play, which also prevented agreement 
between AMAGAT and SCHALKWIJK’s observations. 


Amsterdam. Physical Laboratory of the Uuiversity 


Hydrostaties. — “The different ways of floating of an homogeneous 
cube.” By Prof. D. J. Kortrewse. 


(Communicated in the meeting of May 30, 1914). 


This problem, whose treatment, however simple it may seem, 
offers considerable difficulties, was lately brought to a complete 
solution by Dr. P. BRANDSEN. 

If we limit ourselves to the cases in which the specifie weight of 
the cube amounts to less than half of that of the liquid (which is 
allowed, because the other cases may be derived from it by inter- 
changing the floating and immersed parts) stable floating appears to 
be possible in four different possitions. 

In the first position four of the edges are vertical. It may be 
acquired for specific weights, expressed in that of the liquid, smaller 
than + ae Y 3= 0,211... For those smaller than n = 0,166 PE 


it is the only one possible. 

In the second position two of the faces are vertical, but the edges 
belonging to them are sloping. The surface section is consequently 
a rectangle. This manner of floating is possible between the specific 
weights 0,211 .... and 0,25. 

In the third position the space-diagonal of the cube is vertical 
and the surface section a hexagon. It is possible between the limits 


5 : NA 
= and 5 of the specifie weight. For the limits themselves the cube 
) D 


is lifted or immersed just so far that the surface section, perpendi- 
cular to the space-diagonal, has passed into a triangle. Those limiting 
positions themselves are already unstable; consequently the stability 
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of this position disappears exactly there where for specifie weights 
~<a Pol, hexagonal section becomes impossible on account of ARCHI- 


MEDES’ Law. 

This third manner of floating was, probably for the first time, 
referred to in the “Mathematical Gazette’ of Dee. 1908, Vol. 4, 
p. 338, Math. note N°. 285, in which note, however, the second 
one and the case now following was not referred to at all. 

In the fourth position one of the planes passing through two 
opposite parallel edges assumes the vertical direction. In this posi- 
tion one of these edges is partially immersed, the other one quite 
outside the liquid. In consequence of this the surface section is a 
pentagon for which the intersection of the liquid surface with the 
plane just mentioned is an axis of symmetry. 

Such ‘pentagonal’ floating can only exist, however, between 
narrow limits of density, viz. between the densities 0,226... and 
0,24... 

It should be observed that only the first and the second position 
gradually pass into each other; further that a completely unsymme- 
trical way of floatiug, in which neither one of the faces, nor one 
of the diagonal planes, nor a space-diagonal assumes the vertical 
position, cannot arise. | 

One of the greatest difficulties connected with the problem consisted 
in the formal exclusion of such cases. 

It further appears that between definite limits of density, several 
positions, amounting at most to three, are possible for the same 
cube, viz., 


Below 0,166... the first position is the only possible. 

From: 01665 to-0,214.... the first and. the third; 

From 0,211... to 0,226... the second and the third, 

From 0,226... to 0,24 ... (the limits sof pentagonal floating) 
the second, the third and the fourth, 

From 0,24... to 0,25 the second and the third. 

Between 0,25 and 0,5 only the third. 


Strictly speaking one case in which one of the diagonal planes 
coincides with the liquid-level and the specifie weight therefore 
amounts to exactly 0,5 ought to have been added to those mentioned 
above. Dr. BRANDSEN has indeed proved that stability exists in this 
ease. Yet at the slightest alteration of the specific weight the adjacent 
positions of equilibrium become unstable, ei. those which arise by 
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lifting the cube a little or by immersing it in such a way that the 
diagonal plane mentioned remains parallel with the liquid-level. 


A paper by Dr. BRANDSEN in which the results described above 
are set forth and proved is going to appear in the “Nieuw Archief 
voor Wiskunde’. 


Petrography. — “On some rocks of the Island of Taliabu (Sula 
Islands)’ By Prof. Dr. A. WicHMANN. 


(Communicated in the meeting of May 30, 1914). 


After G. E. Rumpnivs had described. towards the end of the 17th 
century, some jurassic fossils, originating from the east coast of 
Taliabu') it was not before the year 1899 that new geological inves- 
tigations were made again in the island mentioned above. It was 
R. D. M. VerBeeK who collected some rocks in some places of the 
north coast on the 4" and 5 of August and afterwards described 
them’). In November of the same year G. Born followed his 
example, and chose as point of departure of his investigations the 
findingplace mentioned by G. Rumpaius, and afterwards continued 
his work over part of the south coast *). In December 1902, in 
January and especially during the months of October and November 
1904 an extensive part of the southern part of Taliabu was surveyed 
by J. W. van Novunvys*). The large collection gathered by him 
was described by G. Bornm®), in so far as regards the fossils. In 
the following lines the communication of an investigation of the 
rocks may find a place. 


1) D'Amboinsche Rariteitkamer. Amsterdam 1705, p.p. 253—255. 

2) Voorloopig verslag over eene geologische reis door het Oostelijk gedeelte 
van den Indischen Archipel in 1899. Batavia 1900, p.p. 9, 10, 46, 47. — Molukken- 
Verslag. Jaarboek van het Mijnwezen van Ned. Indië. 37. 1908. Wetensch. ged. 
Batavia 1908, p.p. 20—21, 107—108, 221—223. 

3) Aus den Molukken. Zeitschr. d. D. geol. Ges. 54. 1902. p. 76. — Geologische 
Mitteilungen aus dem Indo-Australischen Archipel. N. Jahrb. f. Min. Beil. Bd. 27 
1906, p.p. 385—395. — Beiträge zur Geologie von Niederländisch-Indien. Palaeon- 
tographica. Suppl. IV. Stuttgart. 1904, p.p. 6, 18—14. 

*) Maatschappij ter bevordering van het Natuurkundig Onderzoek der Neder- 
landsche Koloniën. Bulletin No. 48. 1905. — Bijdrage tot de kennis van het eiland 
Taliaboe der Soela-groep (Moluksche Zee). Tijdschr K. Nederl. Aardrijksk. Genootsch. 
(2) 27. Leiden 1910, p.p. 945--976, 1173—1196. 

5) Beitriige zur Geologie von Niederliindisch-Indien, Palaeontographica. Suppl. IV 
1912, p.p. 123—177. 
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Taliabu is a longitudinal island extending in the direction from 
East-West between 124°8’ and 124°41’ B. and 1°50’—2° S. Whilst 
the length amounts to 117 km., the width is no more than 37'/, 
km. A mountain range of an average height of 1000 to 1200 m. 
extends over its entire length. The formations of the northern part, 
hitherto little known, are restricted to old slate-rocks, quartzites, 
granite-porphyry and coral limestone, whiist on the southern part 
moreover extensive strata are found containing numerous fossils 
from the Jurassic system those of the Berriasien included *). Among 
the eruptive rocks occurs especially much granite. Younger forma- 
tions play here likewise an inferior part, because the coral limestone 
is found only in the eastern half of the south-coast and no farther 
than cape Kona [{Mantarara|] ®). 

Granite. VAN Novunuys already called the attention to the fact 
that the granites of Taliabu have much similarity with the granites 
deseribed by VERBEEK of the Banggai Islands, which are situated 
westward from the Sula Islands. They are characterized by the 
occurrence of dark red orthoclase, greenish dull white plagioclase, 
white quartz and black biotite’). Rocks in which the orthoclase is 
of a lighter colour are however not wanting in Taliabu. They are 
contrary to most granites of the Indian Archipelago, which as a 
rule are rich in plagioclase, to be regarded as normal biotite-granites, 
in which a more subordinate place is assigned. to oligoclase. It 
appeared that mikrokline was always absent. The red colour of the 
orthoclase is caused by a finely distributed reddish brown substance, 
which disappears however as soon as the feldspar is altered into 
kaoline. biotite is indeed always present, but sometimes very scarcely 
represented. It also occurs that by alteration it has been changed 
into chlorite, and then, at the same time, rutile-needles appear. 
Brown iron ore (limonite), in the shape of irregular flakes and accu- 


1) J. AnrBure asserts (Versuch einer geologischen Darstellung der Insel Celebes. 
Geolog. und paleontolog Abhandl. herausgeg. von J. F. Pompecki und F. von Huene. 
N.F. 12. Jena 1913, page 110), that among others also Lias is found in Taliabu. Most 
likely he mistakes — he is not so very particular — this island for Misol. Further, 
he says, with regard to the demarcation strata of the Jurassic and the Cretaceous 
system, that they “allerdings nach neueren Untersuchungen der Trias angehéren”’. 
There can neither be question of this, as is clearly proved by G. Borum’s essay 
(Palaeontographica. Suppl. IV. 1904, pp. 1—46). Most likely AnrBure has in this 
respect mistaken Taliabu for Buru. (Vide: Centralblatt f. Mineralogie 1909, 
p. 561; 1910, p. 161). 

2) According to a communication of Mr. van Novnvys the coral limestone reaches 
only a height of + 10 m. 

3) Molukken-Verslag, p. 218. 
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mulations along the fissures is rather widely spread as a product 
of alteration. Apatite and titanite occur only sporadically. 

Van Novnvuys has already acquainted us with the finding-places of 
the granites.') In the western part of the island we must mention 
the territory of Lekitobi in the first place. The hill westward from 
the entrance to the lagoon, the hills of the island Kona in the lagoon 
and likewise Tandjung Merah — the red cape at the east side 
are all composed of this rock. The second granite-territory was 
found on the upper course of the Wai [la, where it borders upon 
strongly folded phyllite. 

The third region is situated northward from the Wai Taha and 
extends in the N.E. till beyond the left bank of the Wai Kabuta. 
A fourth area oceurs on the upper course of the Wai Najo, where 
it borders the strata of the Jurassic system. South of this river rises 
moreover a granite-hill on the coast in the neighbourhood of cape 
Pasturi. The erraties that were found, besides in the rivers mentioned 
above, also in others namely Wai Miha, Wai Kilo, Wai Ila, Langsa, 
Wai Tabana and Wai Kasia point to the fact that granite is widely 
spread over the interior. H. BückinG finally mentions a biotite-granite 
containing hornblende from the Wai Husu *). 

The contactmetamorphical formations, which have been caused 
by the eruption of the granites, deserve attention however in the 
first place, especially because both old slates and jurassic sediments 
have been concerned in it. 

On the northside of the lagoon Lekitobi an andalusite-mica-rock 
is found as a rock. In the pink compact rock macroscopically only 
numerous silver-white laminae of muscovite can be detected which, also 
according to the microscopic examination, form also the chief con- 
stituent. Besides the aggregates of these colourless laminae there are 
also those of irregular grains of quartz. 

The elongated prisms of andalusite are already to be recognized 
by their relief, they are nearly colourless in the thin sections and 
show no perceptible pleochroism. Rather numerous are the fluid- 
inclusions which they contain. As an accessory constituent tourmaline 
is present in the form of little strongly pleochroitical prisms (O = yellow 
to greenish-brown, E almost colourless). Ore is irregularly scattered in 
the form of black grains, and occurs moreover as a fine dust 


1) Bijdrage tot de kennis van het eiland Taliaboe, p. 949, 951, 963, 967, 971, 
972, 1174, 1178, 1180, 1184, 1185, 1190, 1191, 1198—1195. 

2) G. Boerum. Geologische Mittheilungen aus dem Ind. Australischen Archipel. 
Neues Jahrbuch für Min. Beil, Bd, 27. 1906 p. 98. 
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between the muscovite-laminae. As a product of alteration finally 
brown-iron-ore (limonite) is found. 

Andalusite-mica-schist. This hard, distinctly schistose, reddish-grey 
rock, in which the naked eye discerns only silvery muscovite-laminae, 
was found as a boulder only in the Wai Miha. In the thin sections 
the rock, of which quartz forms the principal constituent, shows a 
erystalloblastic structure. Numerous are likewise colourless laminae of 
muscovite, and besides those of a greenish mica. Andalusite is found 
in the form of colourless prisms stringed together and in grains, 
whilst prisms of tourmaline scarcely ever oceur. Rutile forms dark- 
brownish red, very strongly refractory grains and knee-shaped twins. 

Mica-quartzite-schist. A boulder from the Wai Kabuta, a hard, 
grey and very fine-grained, distinctly stratified rock. Under the 
microscope we perceive that quartz, which is usually accompanied 
by muscovite, is the chief constituent, whilst in strata of a darker 
colour, but restricted to these, biotite is likewise freely spread. 
Moreover andalusite occurs in the form of aggregates of prisms, with 
numerous ore-grains and further occasionally garnet, rutile, titanite 
and tourmaline. 

Mica-quartzite occurs among the boulders of the Betino, a left 
tributary river of the Wai Miha. In this fine-grained, reddish-grey 
rock numerous muscovite-laminae can be discerned by the naked 
eye. As appears from fig. I the quartz individuals do not exhibit, 
“Pflasterstructur’ under the microscope, but they engage into one 
another like teeth. Further it must be remarked that finely distributed 


16 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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ironhydroxide has penetrated between the aggregates of muscovite. 
Though the rock does not contain andalusite, it is yet likely, that 
it belongs to the contactmetamorphic formations. 

Spotted clay slates such as VERBEEK discovered‘) in the isle of 
Labobo (Banggai Isles) were not found among the rocks of Taliabu. 

A group of rocks that have likewise been transformed by contact 
with granite, but belong to the Jurassic system, are of a quite different 
nature. Van Nounvys indicated already on his map a hornfelsmass 
in the region of the source of the Wai Najo, whilst for the rest he 
detected normal Jurassic sediments partly covered with alluvial 
sediments from the source of the river to its upper course. As 
appears from a subsequent investigation these hornfelslike masses 
belong to the calesilicate-rocks.*) Van Nounvys collected specimens 
of these in the Wai Najo and its right tributary, the Baja, and 
likewise in the Wai Tabana and the Langsa. They are all dense, 
very hard splintery and usually of a greenish-grey colour which, 
in some spots, changes into whitish and occasionally into dark 
grey. Some of those rocks as those of the Langsa consist of parallel 
strata sharply separated from one another, perceptible to the naked 
eye, and of a whitish- and blackish-grey colour. a 

The epidote fs a mineral, which, according to the microscopic 
examination, is never wanting, it is almost always represented by 
the optically-positive klinozoisite, which is usually colourless but 
occasionally provided with a light-yellow tint. The always irregularly 
shaped grains can easily be recognized by their strongly refractory 
power and their other optical properties. Some parts of the lime- 
stlicatehornfels originating from the Wai Najo consist chiefly of 
aggregates of this mineral, among which is found a colourless 
groundmass that cannot be nearer defined and often contains infini- 
tesimal parts of dust. In other parts this groundmass forms the chief 
constituent of the rock, in which klinozoisite occurs theu only in 
the form of isolated grains. 

Besides the many and very little grains of klinozoisite in the 
lime-silicate hornfels found in the river Langsa, prisms of tourmaline 
and needles of rutile(?) were occasionally met with. According to 
the microscopic examination the difference between the light and 
the dark strata is only caused by the fact that the latter are rich 
in infinitesimal parts of dust. 


1) Molukken Verslag, p. 219. 
2?) Bijdrage tot de kennis van het eiland Taliaboe, p. 1190, 1193, 1194, 
map. N°, XX, 
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The composition of a calc-silicate-hornfels from the Wai Najo is, 
according to the analysis of Prof. Dr. M. Dirrrica of Heidelberg, 
as follows: 


SiC Mee fre oe tO Be ee ED 
Lok. CoS En ROE 0 Nesey 
is AU oy Cee dt ANNEN CS ST 
UES! eI rn a eR a NE 
CeO ean ie i eee 
DONE A RAR Da Oe 
ID ARES 0,28 
OE OE 
ee Pe 
REENER et i a ier eo ay 0:57 
DEL er Raa RS Sa ae 1,98 
AD re ee |. a ee 
net & ee Pee A  DEE 
EO er Ahoy Ce Oy 
H°0 (over 110° to 1250) . . . 4,32 

100,40 


The specific weight is 3.213. From the analysis it appears that 
the result of the chemical composition in consequence of the contact- 
metamorphosis of the Jurassic marls is the disappearance of CO’, 
which, as in other similar rocks, is found only in a very slight 
quantity. The water was likewise for the greater part evacuated. 
A modification of the composition with regard to the other con- 
stituents cannot be observed. The results of the analyses of the calc- 
silicate rocks vary greatly, which is not astonishing on account of 
the great variety of the sediments that gave occasion to their 
formation. | 

The fact that the youngest strata of the Jurassic system in Taliabu 
were interspersed with granite and metamorphosed, is of great im- 
portance; its eruption can consequently not have taken place earlier 
than during the Cretaceous system. 

The occurrence of granite of mesozoic age was hitherto only 
stated or made probable in the Malay peninsula by J. B. 
SCRIVENOR *), in Sumatra by Ava. Tosier’) and R. D. M. VrrBerK”), 


1) The Rocks of Pulau Ubin and Pulau Nanas (Singapore). Quart. Journ. Geolog. 
Soc. 66. London 1910. p. 429. — The Geologic History of the Malay Peninsula. 
Quart Journ. Geolog. Soc. 69, London 1913, p. 351. 

2) Voorloopige mededeeling over de geologie van de residentie Djambi. Jaarboek 
van het Mijnwezen in Ned. Indië 39. 1910. Batavia 1912, p. 18—19. 

8) Koloniaai-Aardrijkskundige Tentoonstelling. Amsterdam 1913. Catalogus, p, 76, 

16” 
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their statements were a short time ago confirmed by W. Vorrz'). On 
the contrary J. AHLBURG writes: “Was das Verhalten der Gesteine 
elder Tinomboformation | zum Granit betrifft, so ist es immerhin von 
“Bedeutung, dass woh! nahezu alle echten Granite des Indischen 
“Archipels, vor allem die Granite von Malakka, Sumatra, 
“und Bangka, ebenso die grosse Granitplatte von Südwestborneo, 
“paläozoischen und zwar in den meisten Fällen nachweislich*) kar- 
“bonischen Alters sind.” *) 

Mr. AHLBURG is prudent enough not to mention the names of his 
informants. 

Granie-porphyry. Hitherto this roek has only been found as erratic 
rock, namely by R. D. M. VerBeEK on the north coast, near Cape 
Damar *), by G. Born in the Wai Kadai (described by H. Bückine ®) 
and by J. W. van Novuvys in the Wai Ha, a tributary of the Wai 
Miha. The granite-porphyry of the latter finding-place contains a 
yellowish brown, fine crystalline groundmass, in which numerous 
grains and dihexaedrons of quartz are inclosed. The light-yellowish 
crystals of orthoelase — sometimes twins according to tbe law of 
Karlsbad — are dull and have caused the formation of scaly mus- 
covite, as appears from the microscopic examination. They are 
moreover filled up with finely distributed brown iron ore. The much 
less numerous twinned individuals of plagioclase have caused a 
similar alteration as the orthoclase. The crystals of quartz are 
characterized by numerous fluid-inclusions. Sometimes the intrusion 
of the groundmass is perceived, but glassy inclosures are utterly 
wanting. Dark constituents were only exceptionally found, and if so, 
in an entirely decomposed condition. The previous occurrence of 
biotite however is unmistakable, as the shapes of the laminae are 
found back in the limonite into which they have changed. The 
feldspars which form a part of the groundmass as well as tke 
porphyrie crystals have caused a transformation into muscovite. 

Quartz-porphyry was collected by G. Bornm in the Wai Husu 
and examined by H. Bécxinc. In Van Novnvys’s collection are 
two specimens from the boulders of the Wai Najo. One is characterized 


1) Oberer Jura in West-Sumatra. Centralbl. f. Min. 1913, p. 757. — Süd-China 
und Nord-Sumatra. Mitteilungen des Ferd. v. Richthofen-Tages 1913. Berlin 1914, 
Pyodi. 


2) The italics are mine. 

5) Versuch einer geologischen Darstellung der Insel Celebes. (Geolog. und 
palaeontologische Abh.dlg. von J, F. Pompeckr und Fr. Von Huenr, N. F. 12. 
Jena 1913, p. 28). 

+) Molukken-Verslag, p. 223. 

°) G. Boerum. Neues aus dem Indo-Australischen Archipel, p. 391, 
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by a light brown groundmass, bearing great resemblance to the 
colour of chocolate, whilst that of the other specimen is yellowish 
brown. Microscopically the groundmass is like that of the porphyry 
from the Wai Husu microgranitic. The porphyrie crystals of quartz 
are bluish and attain a diameter of 2—4 mm. The flesh-coloured 
orthoclase crystals attain a length of about 1 cm. Microscopically 
they are covered with a fine brown pigment and partly altered into 
an aggregate of little muscovite-scales. The groundmass is micro- 
granitic and consists of a fine aggregate of quartz and orthoclase. 

Syenite-porphyry. Only one specimen of this rock originating from 
the Wai Najo is present. With the naked eye only a few dark 
constituents can be detected in the grey to brownish dense ground-mass 
showing a somewhat violet tint, with the help of the magnifying glass 
likewise little rectangular sections of whitish grey feldspar can be 
discovered. From the microscopic examination it appears that they 
consist for the greater part of orthoclase, partly however also of 
plagioclase (oligoclase). The dark constituents are in the first place 
represented by green hornblende. The pleochroism is «= yellowish 
green, Db dark green, ¢= bluish green; ¢ >) >a; ere 120. 
Besides this biotite occurred frequently, which was however completely 
transformed into ¢hlorite, whilst grains of ore and epidote were 
formed. Apatite is found in the shape of little thick prisms. The 
groundmass is entirely crystalline and is composed of aggregates of 
particles of feldspar, among which a few little, angular grains of 
quartz occur. 

From the scarcity of porphyric rocks in Taliabu may be deduced 
that originally they occurred only in the form of dikes. 

Diabase. This kind of rock is likewise only represented by one 
specimen from the boulders of the Wai Kabuta. It is dull, greenish- 
grey and contains a few macroscopically observable dull-white 
crystals of feldspar. In thin sections the characteristic ophitic structure 
is to be observed, narrow and broader lath-shaped crystals of plagio- 
clase, between which the xenomorphic augites appear, which have 
undergone however partly an alteration into epidote. Grains of black 
ore are freely dispersed. On the fissures of the rock greenish-yellow 
epidotes have deposited themselves, which are accompanied by quartz. 

The oldest sediments found in Taliabu are represented — in so 
far as it is known — by phyllites, which have submitted to a very 
strong folding, as was already remarked by van Novnvys at the place 
mentioned. An extensive region is watered by the Wai Miha, i.e. 
from its source till it leaves the chasm between the Bapen Kudi and 
Bono Kedot6, whereupon it reappears again at Nali. In some spots 
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the rock contains strata and lenses of quartz and oceasionally much 
pyrite‘), A second region that has not been thoroughly explored is 
found, according to the map, at the upper course of Wai Kabuta. 

Besides the finding-places mentioned above, van Novnvys mentions 
the river Langsa, but he remarks emphatically that the phyllites 
occur there only in boulders, but nowhere ’) in the form of rocks. One 
of the specimens is composed of alternating thin, dark-coloured, 
almost black strata, and lighter brownish-grey strata more rich in 
quartz. From the microscopic examination it appears that biotite 
forms the chief constituent, occasionally accompanied by many grains 
of ore and fine black particles of dust and only few prisms of tour- 
maline and grains of titanite. The lighter strata consist chiefly of 
an ageregate of quartz grains among which are numerous little biotite- 
laminae. The rock is moreover penetrated in several directions by 
small veins of quartz, in which yellowish-green, wormshaped aggre- 
gates of little pleochroitical laminae of chlorite (helminth). 

Another phyllite is of a blackish-grey colour, dense and rather 
hard. In consequence of the decomposition of the rock such parts 
as are richer in quartz appear at the surface as knots. Microscopic- 
ally the little biotite-lamellae are irregularly spread over the quartz-mass, 
and sometimes closely compressed in accumulations. Sometimes a light 


Fig. 2. 


1) Bijdrage tot de kennis van het eiland Taliabu, pp. 958, 961, 1174—1176, 
1187—1188. 
*) Page 1180, 


235 
sericitical mica occurs, and further prisms of tourmaline and ilmenite. 

The phyllites of the Wai Miha are usually softer than those of 
the Langsa, and the microscopic examination proves them to be 
different. Because thin dark, blackish-grey strata alternate with light 
ones that are rich in quartz, the folding can very distinetly be 
observed (fig. 2). The former are composed of closely compressed 
ageregates of light-green sericite, as a consequence of the folding 
the laminae were likewise bent. Little flakes of brown iron-ore (iimonite) 
are abundantly spread. The lighter strata chiefly consist of aggregates 
of quartz, containing very few fluid inclusions. Further light greenish 
mica-lamellae are discerned, floating as it were in the quartzmass 
that is as clear as water. In other phyllites, besides grains of ore, 
many particles of carbon are spread and further prisms of tourmaline 
and needles of rutile. 

At the foot of Sangeang, situated on the upper-course of the Wai 
Miha, oeeurs a black phytlite containing numerous hexaedrons of 
pyrite having a diameter of 2 mm., it has great resemblance with 
the rock collected: by R. D. M. VerBerK on the north coast in the 
neighbourhood of Cape Damar’). Under the microscope the eye 
distinguishes light strata containing much quartz, alternating with 
quite dark ones, which are filled with carbonaceous matter in sucha 
way that even the thin sections remain in some places opaque. It 
appears that the grains of quartz contain few and small fluid-inclu- 
sions. The rock moreover contains light-greenish laminae of sericite, 
needles of rutile and along the fissures — particles of limonite. 

If the quartz predominates a phyl/tequartzite is formed. 

A similar rock is likewise found as a rock near the Wai Miha 
and consists chiefly of whitish-grey quartz of a greasy appearance, 
interwoven with strata of phyllite. At last there is still a boulder- 
phyllite in itself normal and containing small boulders of white 
quartzite and of siliceous limestone. The rock forms a counterpart 
of the boulder-clay slate described by E. KaLkwosky °*). 

Near the upper course of the Wai Miha was found, besides the 
rocks described above, a waterworn specimen of clay slate which 
is strongly folded and apparently belongs to the same system of 
strata as phyllite. Microscopically it behaves as a common roofing- 
slate, contains as the latter numerous needles of rutile, a few prisms 
of tourmaline, and black widely distributed carbonaceous matter. 


1) Molukken-Verslag, p. 223. 
2) Über Geröllthonschiefer glacialen Ursprungs im Kulm des Frankenwaldes 
Zeitschr. d. D. geolog. Ges. 45. 1893, p. 69—86. 
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Van Novavys moreover collected in the bed of the Wai Miha a 
phyllite-brecevt consisting of numerous angular, sometimes a little 
rounded fragments of phyllite having a diameter of at the utmost 
3 cm. They are usually strongly altered, and have consequently 
given occasion to the formation of chloritie minerals. As appears from 
the microscopic examination the white quartz-cement is composed 
of some grains of quartz as clear as water, the angles of which 
engage into one another like teeth. 

In the neighbourhood of Cape Pasturi boulders were found of a 
hard, grey, distinctly strated quartzite, containing moreover a great 
number of small hexaedrons of pyrite. Under the microscope the 
eye discovers, beside the grains of quartz which are as clear as 
water, green lamellae of chlorite, little titanite and a few black 
erains of ore. 

For the present moment it is still impossible to determine the 
age of the strata of phyllite. It is certain that the folding they have 
been submitted to, has taken place before the deposit of the Jurassic 
sediments which show nothing of this nature. Petrographically some 
fragments are completely identical to some Cambrian rocks in the 
Ardennes, especially those belonging to the etage devillo-revinien. 
Much nearer to hand is a comparison with similar rocks of the 
continent of Australia. Whilst there the Cambrian sediments are 
chiefly represented by limestones, those of the Praecambrium contain 
not only similar rocks as those of Taliabu, but it appears that they: 
are likewise strongly folded all over the continent. 

In the strata of the Jurassic system found in Taliabu, a few rocks 
are found which, also from a petrographical point of view, draw 
special attention. Van Novunvys reported already that S. E. from the 
mouth of the Wai Najo cliffs are found consisting of ‘“iron-hard 
“dark rock having on ‘the fracture entirely the appearance of con- 
“olutinated gun-powder. This rock contains belemnites, which are 
“however as a rule badly conserved, and are often cemented with 
“the inclosing rock. Moreover the rock behaves entirely like granite, 
“as it is split into steep perpendicular prisms divided into blocks 
“by cross-fissures. This roek likewise changes into another of a 
“lighter colour, in which on the weathering-planes reddish quartz- 
“grains are found.” *) 

The rock that is meant here, is a chloritie iron-oölite (chamosite) 
dull, of a deep blackish-green colour, and containing numerous 
small grains, which have indeed great resemblance with gun-powder. 


1) Bydrage tot de kennis van het eiland Tahaboe, p. 1195. 
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As the colour makes us already suspect, in the thin sections under 
the microscope it is to be observed, that the rock is chiefly composed 
of fine dirty-green chloritie particles, which have been altered in 
the same way as those of the Chamoson-valley'). They contain a 
fine blaek dustlike matter, furtber pretty large grains of ore and 
moreover a few angular splinters of quartz. Some cavities are filled 
with erystals of calcite. 

As to the oölite-formations they distinguish themselves only from 
the other mass of rock by their structure. In the thin sections they 
are always of an elliptical or circular shape (diameter 0.08—0.6mm.) 
and consist of very thin green successive coats. The nucleus usually 
consists of a stranger body, as a rule of quartz, the grain of which 
occasionally becomes comparatively large (fig. 3). Though its shape 
may be ever so irregular the coats of the chamosite are always 


arranged in such a way that the unevennesses disappear, and the 
result is in the end a regular oölitie body. There are however 
likewise fragments of quartz in which every trace of a chamosite- 
edge is wanting. Exceptionally the fragment of the skeleton of a 
sponge serves as nucleus of an oölite. In consequence of an altera- 
tion the oölites change into a yellow- to red-brown mass. 
Formations of chamosite were also met with in other Jurassic 
sediments of the Najo-region. As van Novunvuys has already remarked 
the chamosite-rock changes into another rock of a lighter colour “in 
which on the weathering-planes reddish quartz-grains are found”. 
The rock meant here, is a rather course sandstone, the quartz-grains 
of which have a diameter of 2 mm. The cement is of a greyish- 
green colour and effervesces strongly by treatment with hydrochloric 
acid. In thin sections one consequently perceives much calcite, partly 
in the shape of grains, in which the rhomboedrical cleavage is very 
obvious, for the greater part however in that of a fine scalish mass 
forming the real cement. The green chamosite is spread as in the 
above mentioned rocks, but oölites are only met with as a great 


1) CG. Scumipr. Ueber die Mineralien der Eisenoolithe an der Windgälle im Canton 
Uri. Zeitschr. f. Krystallographie. XI. 1886, p. 598. — Geologisch-petrographische 
Mittheilungen. Neues Jahrb. f. Miner. Beil. Bd. 4. 1886, p. 395. 
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exception. Parts of the skeletons of sponges have also been changed 
into chamosite in these rocks. 

Another sandstone of the same finding-place is more compact 
and contains much less ealcite. Microscopically it appears to consist 
of angular and rounded quartz-grains, the intervening spaces of which 
are filled with fragments of sponges, the skeleton parts of which 
have been altered into chamosite. Odlitic formations are scarce. 

In connection with the rocks deseribed above attention must 
be paid to a Limestone that was found in the Wai Najo in bank- 
shaped flakes. The greenish grey fine-grained rock leaves at the 
solution in hydrochloric acid a green sandy residue which appears 
to consist of quartz and chamosite, the latter at the same time as 
petrifaction-material of numerous skeletons of sponges. In the thin 
sections of the rock the grains of calcite show rhomboedrical cleavage 
and form partly also polysynthetic twins. They likewise enclose 
particles of chamosite. Oölitie formations are not rare, but in this 
case only the outer zone consists of chamosite, whilst the inner 
part is still calcite, in which the rhomboedric cleavage-planes of 
the neighbouring grains of calcite have found their immediate con- 
tinuation, so that they form with these one individual. The skeletons 
of the sponges have been metamorphosed into pure green chamosite, 
whilst the intervening spaces are filled with limpid calcite. Besides 
the constituents mentioned numerous quartz-grains are present. From 
the above it appears that the limestone contains the same constituents 
as the sandstones that contain chamosite, and that there exists only 
a quantitative difference. 

As regards the formation of oölites, there can be no doubt that 
they have come into existence in the still soft mass of roek during 
or after the sedimentation. In my opinion they have originally con- 
sisted of carbonate of lime. That chamosite is no original mineral 
is already proved by the metamorphosed parts of the skeletons of 
sponges. It remains still unexplained which chemical processes have 
operated to bring this metamorphosis about. E. R. Zatinskt has given 
an excellent summary of the different theories regarding the formation 
of thuringite and chamosite *), but it appears that none can be regarded 
as valid. 

Finally a few annotations about crystallized minerals of Taliabu 
may follow: 

Pyrite occurs — as has already been mentioned — in the shape 


1) Untersuchungen über Thuringit und Chamosit aus Thüringen und Umgebung. 
Neues Jahrb. f. Miner. Beil. Bd. 19. 1904, p. 79—82, 
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of cubic crystals in phyllites and quartzites of the Wai Miha region, 
whence also pseudomorphoses of limonite originate. 

Quartz was found in limpid and dull-white crystals, attaining a 
length of 9 em, found near Pela, situated between the Wai Miha 
and the Wai Ha. The shapes are the usual combinations of of, 
R and — R. 

Calcite. Elegant skalenhedrons A8 were found in a concretion, 
originating from the river Kempa, a tributary of the river Wai 
Miha, and likewise in a cavity of a geode with Macrocephalites. 
Small rhombohedrons are present in the cavity of the chamosite-rock 
in the neighbourhood of the mouth of the Wai Najo. 

Rhodochrosite occurs in the shape of small rhombohedrons on the 
walls of the air-chambers of a Macrocephalites from the Betino. 

Siderite was detected in a boulder of quartzite, originating from 
the upper-course of the Wai Miha, in the shape of yellowish rhom- 
bohedrons. Brown rhombohedrons together with calcite were found — 
in the chambers of an Ammonite from the Wai Galo. 

Barite. All the chambers of Macracephalites keeuwenis G. Bornm 
are sometimes filled with limpid barite in such a way that the 
whole mass forms one individual. 


Chemistry. — “Studies in the Field of Silicate-Chemistry.” II. 
On the Lithiumaluminiumsilicates whose composition corresponds 
to that of the Minerals Eucryptite and Spodumene. By Prof. 


F. M. Jagecer and Dr. Ant. Stmexk. (Communicated by Prof. 
P. van RoMBURGH). 


(Communicated in the meejing of May 30, 1914). 


§ 1. In connection with the study of the ternary system, whose 
components are: lithtumoride, alumina and silica, it was necessary 
for us, to obtain the compounds, whose composition corresponds 
with that of the minerals eucryptite and spodumene, in a perfectly 
pure state, and to investigate their characteristic properties. The 
third ternary compound, corresponding in its Composition with the 
mineral petalite, will be taken in account only afterwards, as for some 
reasons it is better to deal with it, when the experimental study of 
the ternary mixtures themselves shall have proceeded some-what further. 

The eucryptite: LiAlSiO, belongs to the series of silicates, whose 
other members are: nepheline, kaliophilite, ete. In nature the said 
compound occurs in the form of microscopical, hexagonal crystals, e. g. 
in the albite of Brancurvitin (Conn); albite and eueryptite both take 
their origin here from spodumene, decomposed by solving agents. 
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The spodumene LiAlSi,O, is a monoclinic lithiumpyroxene. The 
mineral is found in several places, in te form of colourless or feebly 
tinged, glassy crystals of prismatic habitus, or in the form of opaque, 
cryptoerystalline aggregations. The transparent or coloured varieties, 
which are strongly dichroitic, are used as a beloved precious stone; 
they are called: triphane, kunzite, hiddenite, ete. Their properties are 
mentioned further on. 


§ 2. As was already pointed out, in a previous paper’) on 
lithiumsilicates, the synthesis of the pure compounds offered severe 
difficulties, caused by the volatilibility of the lithinmoxide at higher 
temperatures. The composition of the mixture is thus altered during 
the synthesis, and the quantities of all three components must there- 
fore afterwards be corrected, after being accurately determined by long 
and troublesome analysis. A relatively small loss of the lithiumoxide, 
is of considerable influence on the meltingpoint and other properties 
of the investigated compound, because of the very small molecular 
weight of the oxide. The analysis offered many difficulties: for 
‘notwithstanding all care and all arrangements’), it often happens, 
that some A/,O, is found in the silica, and some SzO, in alumina, 
so that afterwards a controlling determination of these admixtures 
must be made, which takes a lot of time. The small amount 
of Li,O is furthermore hardly determinable under the colossal excess 
of Na, in the liquid; therefore, being determined as the difference 
of 100°/, with the sum of the percentages for SO, and A/,O,, all 
mistakes and inaccuracies of those determinations are summed up in 
the number for 17,0, so that the correction of the preparation after- 
wards, often depending on very slight differences in the amount of 
Li,O, is a hazardous and not very amusing task. So it takes much 
time to obtain products, which will not differ appreciably in their 
constants and properties from those to be expected for the true pure 
compounds, the criterium being given by the perfect identity of the 
products, prepared in several ways. 


§ 3. Synthesis and Properties of the Pseudo-Hueryptite. 

The materials for this and other syntheses were the same, 
whose purity was before tested and described; the alumina used 
was also provided by BAKER and ADAmson. It was necessary to heat it for 
a long time in a platinum dish on the blaze, and often to stir the 
powder with a platinum-wire, to allow the watervapour and the nitrous 
gases, which the preparation evolved, to escape completely. The 

1) F. M. Jarcer and H. S. Krooster, these Proceedings p. 900, Febr. (1914). 
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heating was checked when the weight of the dish remained constant 
after ‘repeated heatings. Analysis then showed, that an almost pure 
Al,O, (100°/,) was present; even no appreciable trace of iron could 
be demonstrated with the usual reagents. 

To point out the change of composition, taking place on heating 
mixtures of known composition during the melting of the mass, the 
numbers here following can serve very well: a mixture of 6,23 gram 
Li,CO,, 8,61 gram A/,O, and 10,16 gram SiQ,, was melted in 
a closed platinum crucible in the Fxirrcuer-furnace at 1500° C. 
After crystallisation, the mass was finely ground and sieved, melted 
again, and this process repeated three times. Instead of the expected 
composition /, the composition // was found by analysis to be: 


I ee 
SiOz 47,7°/, 48,6°/, 
Al, 0, 40,4°/, 40,9 °/, 
Li,O 11,9°/, 10,5°/, 


As there was thus 1,5°/, Li,0 too little, 0,055 gram Al,0, 
and 0,718 gram dry L2,CO, were added to 18,92 gram of the 
resulting product, and this mixture was then heated four times in 
platinum crucibles, by means of small resistance-furnaces, at 900° or 
1000° C., the mass being finely ground and sieved after every 
melting. Then the preparation was again heated once at 1450° C. 
in a resistance-furnace. Analysis gave : 


Observed : Calculated : 
SiO, 47,9 °/, 47,7 °/, 
ALO, 401° 40,4°/, 
Li,0 12,0 °/, 11,9°/, 


The deviation from the exact composition is so slight, that this 
preparation could safely be used for the study of the properties of 
the compound. 


§ 4. The meltingpoint of this preparation was determined several 
times by means of a calibrated thermoelement (N°. ///). The mean 
value of all readings was 14200 M.V. + 2 M.V.; as the correction 
of this element with respect to the standardelement, which was 
standardized by means of Sosman’s element G, was -—12 M.V.; 
the meltingpoint of the substance, in terms of the Washington nitro- 
gengasthermometerscale, can be fixed at 1888° C. 

The heat-effect on melting is only small; as a result of that, on 
cooling down the molten mass, one finds a retardation of its erystal- 
lisation up to about 12840 M. V.; then crystallisation takes place 
while the temperature increases only to 1306° C. The point of 
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solidifieation therefore is found 80° or 90° below the true tempe- 
rature of equilibrium : solid = liquid, although the velocity of erys- 
tallisation can by no means be called very small. From this fact 
also the discrepancies in the data of different authors are to be explained : 
1330° C. (Drrrirr and Ba110), 1807° C. (GinspEre), etc. In this case 
also, the usual method of cooling appears to give no reliable results. 
A remarkable fact is the relatively appreciable increase of the 
volume of the molten mass on crystallisation; it is immediately 
observable by the deformation of the platinum-crucible. (fig. 1). That 
really this phenomenon is caused 
in this case by a volume-change like 
that of water into ice at the freezing- 
point, and that it need not be explai- 
; ned in the manner mentioned in the 
Fig. case of the spodumene, can be demon- 
Increase of the volume of molten strated by the determination of the 
Eucryptite on crystallisation. specifie gravities of the crystallized 
mass, and of that of the beautiful, colourless “glass”, obtained by 
suddenly chilling the liquid. The expansion seems to be about 3°/, 
of the original volume. 


§ 5. The crystallized substance, obtained by slowly cooling the 
liquid, is opaque and greyish white. Microscopical investigation 
showed it to be a eryptocrystalline aggregation of irregularly shaped, 
grain-like erystals, which are so small, that even with an 800-times 
enlargement, they can hardly be seen; they possess a very weak 
birefringence. Greater pieces seem to be built up between crossed 
nicols by innumerable lighting points ; such aggregations always show 
an undulatory extinction. In no case erystals with determinable 
borders were found. As a “mean” refractive-index the value: 
ny, — 1,531 + 0,002 was obtained. 

The specific gravity at 13°,6 C. was pyenometrically found to be: 
d4o— 2,365, and at 25°,1 C : dy = 2,362 ; we used orthochlorotoluene 
(1,0825 at 25°, C.) as immersion-liquid. . 

As follows clearly from those values for the refraction of light 
and for the specifie gravity, the natural ewcryptite must be another 
modification of the compound ZiAlStO, ; therefore we will distinguish 
the artificial silicate by the name: pseudo-eucryptite. *). 


1) GinsBerG (Zeits. f. anorg. Chem. 78. 291 (1911)) describes his preparation in 
the following manner: completely isotropous, uniaxial negative in convergent pola- 
rised light. with a birefringence smaller than that of nepheline. WeyBera asserts 
to have obtained an “eueryptite” of rhombic symmetry, by the reaction of LigSO, 
on kaoline in solution. Cf. also the experiments of Tuucurt, Zeits, f. anorg. Chemie 
2, 116. (1892), 
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§ 6. The glass, obtained by suddenly chilling the molten mass 
in mercury or cold water, is colourless, perfectly clear and exceed- 
ingly hard. It can be removed from the platinum-crucibles in an 
easier way than the erystallized mass, which fact is connected with 
the volume-change in crystallizing. 

The refractive index of the glass appeared to be: mp) = 1,541. 
We have prepared several glasses of varying chemical composition, 
all in the vicinity of the composition of the pure compound, with 
the purpose to measure accurately the refractive indices and the 
dispersion, in order to get information about the influence of the 
chemical composition on the optical behaviour of these glasses. They 
were ground in a flat cylindrical form, and in all directions care- 
fully polished; then they were investigated by means of an ABBE- 
erystalrefractometer in light of different wave-lengths. 

For pure pseudo-eucryptite-glass of the composition LiAlSiO,, 
we found : 


Wavelength in A.U. Angle of Total- Refractive AQ: 


reflection : Index : 
TA 6708 62°11’ 1,5450 
0,0040 
Na: 5893 61°54’ 15410 
0,0056 
Es 5350 61°31’ 1,5354 


In the following are summarized the measurements with the glasses : 
TT. Compos: 47,5°/, Si O,; 40,0°/, Al, O,; 12,5°/, L1,0 
mi PAM por: 42.50), LO 38,6°9/, Al, Os 16.0 ee. 
Cy. Compas: 45,4°/, Si O,; 39,3°/, AL Orr 1D Ea. 


TI. 
Wavelength in Angle of Refractive A: 
AG: Totalreflection : Index: 
In 6708 62°26’ 1,5484 
0,0047 
Na 5893 Goon 1,5437 
0,0044 
Tt 5350 61°47’ 1,5393 
PAE 
Wavelength in Angle of Refractive A: 
VENDEE Totalrejlection : Index : 
Li 6708 63°36’ 1,5647 
0,0048 
Na 5893 63°15’ 1,5599 
0,0039 


Tl 5350 62°58’ 1,5560 
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IV. 
Wavelength in Angle of Refractive A: 

Ae SDs Totalrejlection : Index: 

Li 6708 61°50’ 1,5400 
0,0046 

Na 5893 61°31/ 1,5354 
0,0053 

Tl 5350 619 1,5301 


It is difficult to deduce a simple relation of chemical composition 
and optical properties from these data. Generally speaking, an 
increase of the amount of 7,0 seems to cause an increase 
of the refractive power (except in /V), while a larger amount 
of SiO, appears just to diminish the refractive index, the exceptional 
case ZV could be explained by the superposition of these two causes. 
This dependence of the quantities of the oxides present, appears to 
bear some connection with the relatively higher refractive power of 
the lithiumoxide, and the smaller one of the silica *). 

The pseudoeucryptite-glass is, with respect to the opaque, crystal- 
lized compound, a typical metastable phase: already on heating the 
glass during a very short time in a BunseN-gasburner, the pieces of 
glass become primarily yellowish, then they become opaque, 
and finally they appear under the microscope wholly changed into 
the mentioned eryptoerystalline aggregation of birefringent grains. 
If heated only for ten minutes at 900°C., they are completely 
changed, and the same occurs, on heating the finely powdered glass 
during some time with molten LiCl or Lif in a platinum crucible. 

The specific gravity of the pure pseudo-eucryptite-glass was deter- 
mined by means of .the method of swimming, in a mixture of 
bromoform and benzene, at 13°C.; it was found to be: Oa == 2.4272 
Thus both the refractive index and the density of the glass are 
somewhat higher than for the crystallized compound. 


§ 7. Finally we have compared the artificial product with a 
natural eucryptite of BRANCHEVILLE (Conn.). The mineral, of which 
a thin section was prepared, looked as an aggregation of crypto- 
crystalline, homogeneously extinguishing fields: however, although 
they had superficially some analogy with the artificial product, they 
must be considered as composed of much larger crystals, showing 
apparently the kind of structure, somewhat similar to the so-called 
“schrift’-granite. Locally it is intermixed with a much more strongly 


IE. M. Jarcer and H. S. van Kuoosrer, these Proceedings, loco cit. (1914). 
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birefringent mineral; altkough the eucryptite is here generated from 
spodume, with deposition of albite, the properties of the inclusions 
did not agree with those of the two lastnamed minerals. The 
specific gravity was pyenometrically determined to be d4o = 2,667 
at 25°C.; the available data show the composition not to be the 


proper one, the SiO,-amount being 0,6°/, too high and that of the 


Fig. 2. 


LiO, about 1°/, less than the theoretical value. The fig. 2 and 3 
represent two microscopical preparations of the thin section between 
crossed nicols; in the fig. 3 the preparation is turned over 30° with 


respect to that in fig. 2; — this fact pointing to a trigonal-twintor- 
mation. Also the very peculiar structure of the crystals is shown 
in fig. 3. 


The refractive index was microscopically determined on : 27) = 1,545 
+ 0,002. A definite meltingpoint could not be fixed by the usual, 
dynamical method; at about 1120° C. the mineral gradually changes 
into a viscous mass, which, on cooling, becomes a glass. The refrac- 
tive index of this glass appeared to be: np=1,506 + 0,001; it is 
thus evidently lower than that for the glass of pseudo-eucryptite. 
On being heated it is devitrified only slightly; there seems to be no 
doubt, that the natural mineral and its glass are other than the 
corresponding phases of the artificial product. As also never any 
indication of an occurring inversion could be found, it is highly 
probable that eueryptite and pseudo-eucryptite are in relation of 
monotropic modifications to each other. 


§ 8. Synthesis and properties of (?-Spodumene. 
The compound, whose composition is: LiAlSi, 0, was prepared 


17 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 


246 


by us in four different ways, just to get information on the final 
identity of such preparations: 

a. By melting together calculated quantities of Lz,CO,, Al,O, and 
SiO,, repeating this manipulation a few times, after thoroughly 
grinding and sieving the crystallized masses. Analysis and correction 
were made as usual. 

b. By starting from pure L7,Si0,, Al,O, and SiO, 

c. From LiAlSiO, and Si. 

d. From LiA/lO,, the lithiumaluminate, and S7Q,. 

The four preparations, thus obtained, were used only for the 
definitive measurements after it had been proved by repeated ana- 
lysis and correction, that their composition did correspond, within 
the limits of error, with that of the formula. All these experiments 
were made in electrically heated furnaces with oxidizing atmosphere ; 
the preparation of these substances took a long time, because of 
the volatibility of the “7,0, and the fact, that only small devia- 
tions in the content of 7,0 showed themselves of appreciable 
influence on the meltingpoint and properties of the compound. 


$ 9. The purest preparation we got, was obtained from synthe- 
tical eucryptite by admixture of S¢O,. Analysis gave the following data: 
I. I. Calculated : 
SiO, 64,39 °/, 64,43 °/, 64,6 °/, 
Ae: 20390 WG 27,66 °/, IE MA 
In,O 8,05 °/, (eS) Ge 80, 

The mass was kept during a longer time at a high temperature, 
to allow it to erystallize totally. Then the meltingpoint was deter- 
mined in the usual way, by means of thermoelement ///; we found: 

14353 M. V. 
14341 M. DV. 


Mean: 14347 M. V. (without correction), 


if the rate of heating was about 65 M.V. pro minute. As the correction 
for the thermoelement was — 12 M.V. at this temperature, the 
meltingtemperature is 1400° C., in terms of the nitrogenthermometer. 

As a check the meltingpoint was now again determined by the 
statical method: very small quantities, wrapped in platinum folium 
were heated during a considerable time (from half an hour to one full 
hour) at a certain and accurately constant temperature, and then, 
after suddenly chilling’) in cold mercury, investigated by means of 


1) F. M. Jarcer, Eine Anleitung zur Ausführung exakter physiko-chemischer 
Messungen bet höheren Temperaturen. Groningen, 1913, Seite 73, 74. 


247 

the’microscope. We found that after heating at 14340 M. V. (element UI) 
the whoie preparation was again crystalline, although it had the 
outward appearance of a glassy, half-opaque mass; but on heating 
at 14360 M. V., all had been changed into a real “glass”. The 
meltingtemperature therefore must be fixed at 14850 M. V. As the 
correction for the used quenching-system (vid. the determinations of 
the meltingpoint of natural spodumene of Madagascar) was shown 
to be practically equal to zero, we can conclude from this, that the 
meltingpoint thus determined is in full agreement with that found 
by the dynamical method, and can be put at 1401°C.(G Th). The 
crystallized product appeared to be identical with the /?-modification, 
later to be described, the refractive index was about: n= 1,521; 
the specific gravity at 25° C : dy = 2,411. 

2. In a similar way the preparation, obtained from lithiumaluminate 
and Sz: 0, was investigated; analysis gave the following data: 


I I Calculated: 
SO, 64,80°/, 64,07°/,  64,6°/, 
Re 26:09 274 
In, O Trane |, 8,0°/, 
This preparation therefore evidently can also be considered as a very 
good one; it contains ca. 0,4°/, Li,0 too little, and ca. 0,5°/, Al, O, 
too much. 


Fig. 4. 
Artificial 6-spodumene, obtained from LiAlO; 
and SiO,; melted and slowly cooled. 


(CX Nicols). 


hie 
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The meltingpoint, determined after the dynamical method (element 
III), was found: 
14463 M. V. 
14481 M. V. 
Mean 14472 M. V. = 10 M. V. (without correction) ; 
after correction, the meltingpoint can be fixed at 1410° + 1° C. (G.Th.). 

After the statical method, the meltingpoint was determined at 
14450 M. V., corresponding to 1410° C. The small excess of A/,O, 
has evidently caused an merease of the meltingtemperature, of about 
9° C. The erystallized product again was shown to be /?-spodumene 
(1 = 1,519; a photograph of it, taken between crossed nicols is 
reproduced in fig. 4. 

3. An analogous result was, in both ways, obtained with a pre- 
paration, prepared from 7,S¢0,, Al,O, and SvO,. Analysis of this 
product gave the following data: 

| II Calculated : 
tO... BET 6448 Pf Ba oe 
Al,O, 28,4 °/, 28,5 Ue De 
[1,0 6,92: Tee 8,0 °/, 

The content of SiO, is here the right one, but the A/,O, is 1°/, 
too high. The .meltingpoint determinations gave as a mean value: 
14456 M.V. (uncorr.) after the dynamical method, and about: 14450 
M. V. after the statical method. The meltingpoint is therefore: 
1409° C. (G.Th.). 

4. Most deviating from the composition: Zi Al Si,0,, was a pre- 
paration, obtained from the melting together of Li,CO,, S70, and 
Al,O,. Analysis gave the following numbers: 

I II Caleulated : 
SiO, 64,44°/, 64,88°/, 64,6°/, 
ALO, AT, ODD aA ew pa 
Li,.0. ~ SAT on op kaa 

Evidently it contains about 0,21 °/, Li,0 too much. 

After the first method the meltingpoint was found at 14552 M.V. 
(uncorr.), and after the statical method: 14550 M.V. The true melting- 
point can thus be put at: 1417° C. (G.Th.). 


§ 10. Although in most eases perfectly colourless products were 
obtained, which evidently were identical to and independent of the 
particular manner of preparing them, and which all represented the 
8-modification, — we succeeded however in several cases in obtaining 
beautifully crystallized preparations, which locally or also totally were 
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tinged with ‘a nice, reddish lilac hue; they were in most cases 
obtained by longer heating, somewhat below the meltingtemperature. 

The meltingpointdetermination with such an intensively coloured 
product, prepared from LiAlO, and SiO, and showing by analysis 
the following composition : 

hi Je Caleulated : 
St O, 64,92 °/, 64,77 °/, 64,6°/, 
SU 2e TO Pf 27,94 Daa 
Ds 0D8 PCT NAE 
and thus evidently containing about 0,63 °/, too much alumina, gave 
the following results (statical method): 
After heating at 14660 M. V.: ali glass. 
14640 M. V.: all glass. 
i 5 »… 14600 M: V.; all slags: 
5 E », 14500 M. V.: all erystallized. 
B pe … 14560 M. V.: all crystallized. 

The meltingpoint is thus situated at 14580 M.V., corresponding 
with 1420° ©. (G.Th.). 

Such lilac coloured preparations present in most cases rather 
larger individuals of the /2-modification, which possess a tabular shape 
with appreciably stronger birefringence than the common crypto- 
crystalline masses, although the mean refractive index is the same. 
While commonly this birefringence varies between 0,001 and 0,008, 
it amounts in these preparations to about 0,007 ; the principal refrac- 
tive indices are about: 1,520 and 1,527. In convergent polarized 
light, at the border of the field an interference-image is partially 
visible, giving the impression of that of an uniaxial crystal. However 
on moving the table of the microscope, one can easily observe the 
curvature and even the hyperbolic form of the dark beams; undoubtedly 
an optically biarial crystal with a very small axial angle, is present 
here; while the position of the first bisectrix and the character 
of the dispersion, point to monoclinic symmetry, with a strong 
tendency to tetragonal forms. This last pecularity can be deduced, 
— besides from the apparent uniaxity — from the fact, that rectangular 
plates are not rare, which possess an extinction under right angles 
or parallel to a diagonal, and a system of cleavage-directions under 
45° with the optical sections. The specific gravity, like the refractive 
indices, does not differ appreciably from that of the common @-form, 
and was determined at 25° C.: do = 2,401 + 0,008, measured with 
several preparations. We obtained these same apparently uniaxial 
plates, also from natural spodumenes by melting and slowly crystal- 
lizing; there is no doubt whatever about the fact, that these tabular 


9) 99 9) 
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crystals are identical with the common g-form, which represents 
the stable form at the meltingpoint; the plates must be a peculiar 
kind vof crystals of this @-modification. 

However we have till now not succeeded in giving a final explan- 
ation of the remarkable reddish-lilae colour of many of these pre- 
parations. It is quite sure, that it does not depend in any way on 
the admixture of certain metallic impurities, solved from the crucible- 
walls; on the contrary it appears to be connected with the macro- 
crystalline structure of the preparations. The nearer the chemical 
composition came to the theoretical one, and the slower the crystal- 
lisation of the mass takes place, by heating during a long time at 
a temperature just below the meltingpoint, the more the appearance 
of the violet tinge seems to be probable. 

The same colour appears, if spodumene-powder or the pulverized 
“olass’ of if, are brought into liquids of about the same refractive 
index (e. g. into orthochlorotoluene, with mn — 1,522); in that case 
the wellknown phenomenon of the ““monochromes” (CHRISTIANSEN) 
will appear. It is not impossible, that in our case the colour is 
produced in an analogous way by the presence of the tabular, very 
thin crystals amidst spodumene-glass, which possesses about the 
same refractive index (1,519) as the crystal-tables (1,520 till 1,527), 
or reversely ; these tables would be therefore quite invisible in the 
surrounding medium. It could be understood in this way also, why 
in the uncoloured mass in some cases locally smaller or larger 
pink spherolithes are produced, making the impression, as the molten 
mass were locally inoculated with germs of the violet substance. 

By means of the ultra-microscope we were able to show, that the 
preparation was not “optically empty”, as a great number of differ- 
ently coloured lightspots, which do not move however, could be 
observed; they are manifesting a structure of some particular kind, 
without it being possible to ascertain of what kind the imbedded 
particles are. 

§ 11. As it follows from these investigations, in connection with the 
meltingpoint determinations of natural a-spodumene later to be described, 
that the chemically pure compound LiAlSi,0, has a meltingpoint 
considerably lower than the natural spodumene-minerals, — we made 
a series of investigations to find out, what admixtures of the natural 
spodumenes might cause the mentioned increase of the meltingpoint. 
Therefore to an artificial product, whose composition was: 

SiO, 64,7 °/, 
Al, O, “ts a 
Li,O 8,3 7/, 
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we added successively in concentrations of 1 mol. percentage, the 
following chemically pure preparations : 
| Observed and reduced 


Melting points: 

1. Jadeite: NaAlSi,O,, synthetical. 14415 MeV! = 1382 
2. Leucite: KALSi, O,, synthetical, anhydrous., 14506 M.V. = 1414° 
3. Lithiumoxide: Li,O. 114304 MEV. == 13972 
4. Alumina: Al,O,. | 414585 M.V. = 1420° 
5. Stlca: SiO, (quartz). 14530 M.V. = 1416° 
And in concentrations of 2 mol. pere.: | 

6. Pseudowollastonite: CaSiO,,synthetical. | 14357 M.V. = 1402° 
7. Sillimannite: Al,SiO,, synthetical. DIS MV SCEE 


Keeping in mind, that the pure substance melts at 1417° C. 
(G. Th.), we can deduce from these experiments, that : 

a. An excess of 2,0 lowers the meltingpoint of the compound 
LiAlSi,O,, while the influence of an excess of SiO, is somewhat 
uncertain, but seems to produce a slight increase. 

b. That a lowering of the meltingpoint is also produced by an 
excess of synthetical jadeite, leucite and pseudowollastonite, which can 
be considered as the principal admixtures of the natural kunzites 
and spodumenes. 

c. That on the contrary, an increase of the meltingpoint is produced 
by an excess of alumina and of alumosilicates, like e.g. pure 
sillimannite. 

In how far these facts, which of course will be studied more in 
detail, when the ternary system: Li,O—Al,0,—S10, is investigated 
completely, can be used for the explanation of the phenomena, 
observed in the case of the natural spodumenes, will be shown in the 
next paper. 

Groningen, May 1914. Laboratory of Inorganic Chemistry 

of the University. 


Chemistry. — “Studies in the Field of Silicate-Chemastry. UL. On 
the Lithiumaluminiumsilicates, whose composition corresponds 
to that of the Minerals Eucryptite and Spodumene”. By 
Prof. Dr. F. M. JAEGER and Dr. Ant. SIMEK. (Continued ). 
(Communicated by Prof. P. vaN ROMBURGH.) 


(Communicated in the meeting of May 30, 1914). 


$ 12. For the purpose of comparison of the properties of the 
described artificial product with the mineral itself, we have inves- 
tigated a number of natural spodumene-species in an analogous way. 
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We obtained a number of very pure kunzites, and some good 
spodumenes: 

1. An almost colourless, somewhat lilac tinged, strongly dichroitic 
kunzite from Rincon in California. 

2. A completely transparent, glassy, pale rose tinged kunzite from 
Sahatany-valley on Madagascar. 

3. A beautiful, transparent pale greenish yellow kunzite from 
Minas Geraës in Brasil. 

4. A transparent, emerald-green hiddenite from Alexander County in 
North Carolina, U.S.A., and a pale yellow hiddenite of the same place. 

5. A eryptoerystalline, opaque piece of spodumene from Somerd, 
in Finland. 

6. An aggregation of opaque, long prisms of spodumene from 
Maine, U. S. A. 

All meltingpoints of the finely ground material were determined 
in exactly the same way and with the same care, as formerly 
described. The specific gravities were determined by means of a 
pycnometer, with ortho-chlorotoluene as an immersion-liquid; the 
specific gravity of this was: dy = 1,0841 at 25°,1 C. 

Most of the optical data were obtained by microscopical investi- 
gation; the values of the refractive indices are determined at 16° 


or iy; co: 


1. Kunzite of Rincon, California. 

Big, very feeble lilac colours, very lustrous and perfectly trans- 
parent crystals, evidently with a cleavage parallei to the vertical prism. 
An analysis of Davis, made with the same material, gave the 
following results : 

Calculated: Impurities : 
LOL oe LOD OE GP, whe zr BER Mii 0 AN 
ALO rme Ae 12 HEEE Na; 02 03), NAO 20,06" 
DC eh eier 8;0-°/, ZnO: 0,44°/, KO 0068 
- Total:"O:73 00 


The erystals show a strong fluorescence under the influence of 
RÖNTGEN-rays. 


The meltingpoint determinations gave, with thermoelement IV, the 
following results: as a mean value of a greater number of obser- 
vations, we found: 14683 M. V. + 4 M. V.; as the correction of the 


b] 


thermoelement at this temperature was — 8 M.V., the melting-point 


is thus: 1428° C. (G. Th). It is very sharply localised on the 
heating-curves, 
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The specifie gravity at 25,1° C. was: dy = 3.204 + 0,003 for the 
natural, not yet melted compound; after solidification of the molten 
mass, one obtains, after slowly cooling, a colourless, finely erystal- 
lized mass, whose density differs considerably from the original mineral; 
it is: dy = 2,385 at 25°,1 C. 

The refractive indices of the molten and solidified substance are 
considerably different from those of the original mineral. While for 
the unmelted substance we found respectively: 2, = 1,653 + 0,008; 
2. = 1,669 + 0,003; and n, = 1,672 + 0,003 '); for the ‘solidified 
mass we found an extremely feeble birefringence of about 0,001, 
and a mean refractive index of: np == 1,518. The erystalpieces showed 
an irregular extinction, evidently by very complicated intergrowth 
of several individuals. 

On rapidly cooling, an isotropous glass was obtained, with a 
refractive index of n,)= 1,517 + 0,001, being about the same as 
for the crystallized mass. The specific gravity was at 25°,2 C.: 
d,o = 2,388 + 0,003. When heated during a longer time at 1800° C., 
it becomes crystalline; even at lower temperatures the glass gets 
soon opaque and like porcelain by devitrification; but glass and 
crystalline product obtained from it, evidently do not differ in their 
properties to any appreciable amount. 


Il. Kunzite of the Sahatany-valley on Madagascar. Big, clear and 
completely transparent crystals; they are dichroitie and tinged with 
a pale rose hue. Locally the environing rock-material is again 
discernible, as a rusty coloured, finely divided substance. The erystals 
were carefully cleaned from it; then they were ground and sieved, 
after which the investigation proceeded in the usual manner. 

As a mean value for a greater number of determinations, we 
found the meltingpoint at: 14683 +5 M.V.; as the correction of 
the thermoelement was —8M.V. at this temperature, we can adopt 
the value 14675 M.V. of the E.M.F. of the thermoelement at the 
meltingpoint, corresponding with: 1428° C. (G. Th); in this case 
the meltingpoint is also very sharp. 

Evidently this kunzite differs only slightly from the preceding 
mineral of incon. With respect to its chemical composition, we 
have some data, given by Lacrorx’), who investigated colourless, 


1) In a liquid of mw» =1,670, composed of methylene-iodide and monobromo- 
naphtaline, the crystalpowder showed a very beautiful reddish-violet colour, just as 
some of CHRISTIANSEN’s “monochromes’’. The same phenomenon was observed for 
the glass and the @-modification of artificial spodumene. 

2) A. Lacroix, Minéralogie de la France et ses Colonies, IV, 775, (1910). 
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greenish-yellow and rose kunzites (triphane) from Maharitra on 
Madagascar; the lilae and rose kunzites of Ampasihiatra are im- 
bedded in a kind of kaoline-earth, generated from the spodumene 
by decaying-processes. The green kunzites possess the greatest values 
of their refractive indices, however only little differing from the 
other ones, while the rose tinged crystals have a smaller, the colour- 
less ones yet smaller values for those constants. 

We found by means of the immersion-method n, = 1,658 and 
n, = 1,673, which values do not differ appreciably from the mean 
values: n, = 1,6588, n, =1,6645 and n, = 1,6750.*) For the ana- 
lysis of the red and greenish crystals, the following data are given 
in literature; they are reproduced here for comparison with the 
composition of the Californian kunzite : 

rose cristals: green cristals: 
SiOz : 63,859 CaO : 0,529, MnO : trace | SiOz :62,21%, CaO :0,50% MnO : trace — 
AlyO3: 29,8799 NagO : 0,989 Fe ,03:0,15%9 | Al,03: 29,7999 NagO: 1,030) Fe,03: 2,489/p 
LO : 3,16% MgO :0,13%9 KoO :0,13% | Liz0 : 4,02), MgO : trace KO :0,21% 
Residue : 0,37%p. Residue: 0,250/,. 


From these data results, that the quantity of S7O, in the rose 
crystals is about the same as for the pale rose kunzite of Rincon; 
but the content of A/,O, is much greater in the mineral of J/ada- 
yascar, and thus the Zi, appreciably less than in the American 
kunzite. The sum of those three constituents does not differ very 
much in all these cases: 97,5°/, for the kunzite of Madagascar, 
95,2 °/, for that from Ancon. The specifie gravity of the rose species 
iss ADOMb mol Li a value, only slightly different from the value, 
determined by us: d‚e = 3,301 + 0,005, at 25°,1 C. 

The refractive indices of the melted, feebly birefringent product, 
were found to be n, = 1,518 and n, = 1,520; the birefringence is 
not greater than 0,002. 

At 25°,1 C. the specifie gravity of the melted and solidified sub- 
stance was determined: d,° = 2,373, when the preparation was heated 
during several hours at a constant temperature, just below the 
meltingpoint; under the microscope the obtained product then showed 
the typical aspect of the aggregates of scales, which are always found 
with the @-spodumene; they have a weak birefringence, and an 
irregular, often undulatory extinction. When «-spodumene was not 
melted before, but only kept at a constant temperature below the 
meltingpoint, the substance appeared to be wholly transformed into 
the same @-modification, with a specifie gravity of: doe = 2,376 at 


1) Duparc, Wunper et Sasot, Mém. de la Soc. physique de Genève, 36, 402, 
(1910). 
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25°,1 C. In both cases the mean refractive index for sodiumlight 
was: ny = 1,518 + 0,001. From the molten mass therefore no other 
phase is deposited than the mentioned g-modification. 

The fig. 5, 6, and 7 may give an impression of the manner, in 
which the transformation of the a-, into the /?-modification gradually 
occurs. In fig. 5 the original kunzite of Madagascar is photographed 
between crossed nicols, when heated only during 2 hours at 975°C., 
and showing no trace yet of the @-form; in fig. 7 the same heating, 
but prolonged to 15 hours, has led to complete transformation of the 
crystals into the @-form. The fig. 6 represents the crystals, after 8 
hours heating at 975° C.; they show a partial transformation, and 
the gradually occurring differentiation of the originally homogeneous 
crystals into an aggregation of the felty needles of the @-modification. 

Ill. Greenish-yellow Kunzite of Minas Geraés, Brasil. 

This kunzite appears also in the form of large, very transparent 
erystals, having a pale greenish or yellowish hue. This colour is 
caused by a content of /eO, which in melting the mineral, is con- 
verted into: #e,O0,; thus the solidified mass being always tinged 
with a reddish-brown colour. The analysis of this mineral *) gave 
the following data : 


SiO, : 63,3—64,3°/, a) > O02—-097 "7, 
Al Stilo"), Na,O: 0,6—1,0 °/, 
Le den FeO : 0,7—1,2 °/, 


This kunzite therefore is also relatively close in composition to 
that of Rincon, approaching in its content of Li, closer to the 
theoretical value; the sum of the principal constituents is 97,7 °/,. 

The meltingpoint of this mineral was determined five times; the 
results were, with thermoelement IV: 


14643 M.V. 
14646 M.V. 
14650 M.V. 
14639 M.V. 
14646 M.V. 


Mean value: 14645 M.V. 

after correction: 14637 M.V. (G. Th.) 
The meltingpoint, reduced on the nitrogengasthermometer, lies 
thus at 1425° C., i.e. about 3° C. lower than for the kunzite of Rincon. 
The specific gravity of the substance before melting, was deter- 
mined at 25°,1C. to be: dy — 3,262; the data, given in literature 
for the specific gravity of natural crystals, vary between 3,16 and 


1) C. Hintze, Handbuch der Mineralogie. 


we 
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3,174. The refractive indices of the original substance were: n,— 1,661 
and 7, = 1,669, with apparently a somewhat weaker birefringence 
as for the already described kunzites. 


Fig. 5. Fig. 6. 
Kunzite of Madagascar, heated for two hours Beginning of the transformation of z-spodumene 
at 960° CG. and not yet perceptibly transformed, (Madagascar), after being heated during eight hours 


(< Nicols). at 975° CG. (X Nicols). 


Kunzite of Madagascar, completely transformed into 
the @-form, after being heated at_975° C. (<Nicols). 
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After being melted however, the reddishbrown, crystalline product 
had a specific gravity at 25°,1 C.: dy 2,463, while the refractive 
indices of the feebly birefringent grains were found to be about 
1,522 and 1,527. There is no doubt whatever about the fact, that 
the solidified product is again a modification absolutely different from 
the original kunzite; moreover it is evidently identical with the 
already mentioned @-spodumene. 


IV. Middenite from Alexander County, North Carolina, U.S.A. 

Long, needle-shaped, pale green crystals, and emerald-green erystal- 
fragments, which are transparent and dichroitic. The specific gravity 
of this mineral at 25°,1 C. was found to be: dyw=3,295 + 0,002 
the refractive indices were: n, =—1,664 and n, = 1,674. The data 
for the specific density, given in literature, vary between 3,152 and 
3,189. Of a hiddenite from Alevander City, with specific weight 
of: dy—3,177, the analysis gave the following results: 


Suri 63300.°/, Pew EEE U RA 
Ae 2600.) ) Wa,O0: 1,54 °/, 
EEO: .6,82°}, CaO : no trace. 


The sum of the principal constituents is here 97,85 °/, ; the hue 
of the erystals is caused by the admixture of /'eO, which is oxydized 
in melting to Fe,O,, giving a brownish-black or chocolate-brown 
colour to the solidified mass. Another hiddenite of the same locality, 
but of a paler colour, had: 64,35°/, SzO,, 28,10°/, Al,O,, and 7,05°/, 
Li,O, — consequently together: 99,5 °/,; moreover: 0,25°/, HeO 
and only about 0,3°/, Na,O. The differences of the See 
of these two kinds of hiddenite, were about 1° C. or less. In a 
series of observations, made with thermoelement IV, the melting- 
point was found at 14565 M. V. + 10 M. V.; after correction, this 
corresponds to 1418° + 1° U. ,G.Th.). On cooling down the moiten 
mass, first an undercooling is observed to about 1255°C., if the 
temperature-fall was about 4° pro minute; then the Gen 
rose to 1262°C. during the solidification of the mass, being 150° C. 
lower than the real equilibrium-temperature. 

Another time we found an undercooling to 1208°C., then 
solidification at 1214° C., — this being 204°C. lower than the true 
meltingpoint! Although this point of solidification is lower than that 
for the pure kunzites, it can have no essential signification whatever, 
being wholly dependent on the speed of cooling and other accidental 
circumstances. 
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V. Spodumene of Somerö, Finland. 

A white, opaque eryptoerystalline and very hard mass. It was 
finely ground, and investigated in a manner, quite analogous to that for- 
merly described. The specific gravity at 25°,1 C. was : dy = 2,997 + 
0.050; the refractive indices were about : 2, = 1,658 and n, = 1,669. 
With the thermoelement /J” the meltingpoint was found at 14649 
M.V. +5 M.V.; being, after correction, 1425° C. on the gasthermo- 
meter. Because of the inhomogeneity of the material, the meltingpoint 
is here not so sharply localized on the heatingeurves, as in the 
cases of the kunzites; on cooling the molten mass, solidification 
oecurs in the neighbourhood of 1298? C. 

The substance solidified and heated for some hours below its 
meltingpoint, had a specific gravity at 25°,1 C. of: dy == 2,398 ; the 
refractive indices were about: 1,510 and 1,518 for sodiumlight, 
— just a little smaller than commonly with the @-spodumene. The 
substance always shows very complicated aggregations of feebly 
extinguishing scales with undulatory extinction. 

If the original substance is not melted, but only heated during a 
longer time below its meltingpoint, the erystals are converted into 
the aggregations of the g-spodumene; the specifie gravity at 25°,1 C. 
was now: dy = 2,412 and the refractive indices about: 1,519. 


VI. Spodumene from Maine, U.S.A. ; perhaps from Windham. 
This mineral consists of long, opaque, prismatic crystals, looking 


Fig. 13. 
Deuse «-Spodumene of Semerö, Finland. (XX Nicols). 
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like porcelain, with predominant cleavage. The carefully selected 
material was finely pulverized, and investigated as described before. 
The specific gravity at 25°,1 C. was: d‚e= 3,154 + 0,002; the 
refractive indices were about: n, — 1,656 and n, = 1,672. A miero- 
photograph of it between crossed nicols is reproduced in the fig. 13. 

The meltingpoint was determined several times with the thermo- 
element ///; the following results were obtained : 14669 + 13 M.V., 
being after correction: 1427° = 1° C. on the gasthermometer. Also 
in this case the meltingpoint is not quite so sharp as with the kun- 
zites, just because of the chemical inhomogeneity of the material. 

The obtained product had a specific gravity : dy = 2,336 at 25°,4 C.; 
the weakly birefringent, irregularly extinguishing scales, had refractive 
indices of about: 1,517 and 1,520; the birefringence is not greater 
than: 0,003. . 

In fig. 8 a mierophotograph between crossed nicols is given of 
the dense «-spodumene of Maine; in fig. 9 the same preparation, 
molten and solidified into the g-form is reproduced in the same way. 
The strong analogy with the image of fig. 4, representing an arti- 
ficial B-spodumene, made from L7A/0, and Li, is obvious. 

Another preparation was not melted, but only kept at a constant 
temperature of about 1200° C..for some hours. The original a-form 
appeared to be totally converted into g-spodumene; the volume of 
the mass had increased then in such a degree, that the platinum- 


Fig. 8. 
Dense z-Spodumene of Maine, between crossed 6-Spodumene obtained by melting and crystallization 
Nicols. of the z-modification (< Nicols). 
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crucible was wrecked during the process. The substance showed the 
typical granular structure of the erystal converted into 8-spodumene 
with undulatory extinction and a mean refractive index of: 1,518. 


The specific weight at 25°,7 C. was determined to be: dy = 2,309, 
and. to be 25517 vat. 207.1 ©. 


§ 18. In all these experiments it was observed by us, that the 
platinumerucibles, in which the silicate was melted and solidified, 
showed a strong deformation, which increased every time that the 
experiment was repeated. As fig. 10 shows very clearly, this observed 
deformation is of such a kind, that it always appears as a dilatation, 
as if the silicate, like water, solidifies under a volume-expansion. 
The values obtained for the specifie volumes of the crystals 
and of the glass, seem however to make this explanation rather 
imprebable. We have tried by a series of systematic experiments to 
find out, when really this increase of the volume sets in, by measuring 
the diameter of the crucibles, after their contents had been subjected 
to different manipulations. In this way, we found, that by far the 
largest deformation of the crucibles took place, at the transformation 
of «-, into 3-spodumene, which is accompanied by a volume-increase 
of about 30°/,. When the substance is then melted once more, and again 
solidified, the deformation already present will be increased by the 
thermal expansion of the mass, and because the liquid substance is 


FS 
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Wig. 10. 
Deformation of the platinum crucibles after melting and solidification 
of the natural Spodumene. 
0. Original form of the platinum-crucibles. 
1. Pale yellow spodumene of Minas Geraés, brasil. 
2. Kunzite of Sahatany-valley, Madagascar. 
3. Dense Spodumene of Somerö, Finnland. 
4. Kunzite of Rincon, California. 
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enormously viscous, enclosed air-bubbles are hardly squeezed out, 
but will rather expand in the mass itself, while the surface of the 
liquid ean change its height only with extreme slowness. In repeating 
successively the melting and solidifying of the substance a number of 
times, the deformation-effect will be gradually increased to such an extent 
that, as fig. 10, N°. 2 shows clearly, at last the crucible bursts. The 
gradual lowering of the liquid surface in suecessive experiments 
can be seen in those crucibles; in such a manner it often happens, 
that with a strong deformation of the platinum vessels, when they 
finally look like inflated balloons, the junction of the thermoelement 
emerges at last out of the surface of the liquid mass, so that the heat- 
effects on the heating-curves get gradually worse and will finally 
disappear totally. 


§ 14. To control the found meltingpoints, we have made a series 
of experiments to determine it once more (with the kunzite of 
Madagascar) by means of the quenching-method, which is to be de- 
scribed afterwards in connection with our experiments for fixing the 
temperature of beginning transformation. The quenching-system was 
first calibrated by means of meltingpoint-determinations, made by 
this statical method with lithiummetasilicate (1201°) and diopside 
(139L°); the corrections to be applied to the measured temperatures 
appeared however to be practically zero. 

We found in successive experiments : 


Kunzite, heated during half an hour at1 4600 M.V.and quenched in mercury: All crystallized 


5 . je woe as DATO Mo B 5 , : All glass. 

” =i ” » 9 „ » 14700 M.V. ” 9 ” ~ : All glass. 

” n ” ” ” ” ” 14750 M.V. ” „ ” ” : All glass. 

„ „ ” ” ” » » 14680 M.V. ” ” ” » : Glass and 
crystals. 

» . - nn » „14660MV., » +: Allerystallized 


, 14690 M.V. , oy. vr AIR Glasses 


” ” ” ” ” ” 


Thus, the meltingpoint was found to be 1428° C. (G. Th.), quite 
in accordance with the direct meltingpointdeterminations after the 
dynamical method. In these experiments we once obtained a product 
after longer heating on 14600 M.V.,— just somewhat below the melting- 
point, — consisting of somewhat larger individuals. They appeared to 
be large, homogeneously extinguishing plates, whose birefringence 
was about 0,007, and with refractive indices of 1,518 and 1,519, 
like those of the 8-spodumene, obtained from artificial spodumene after 
melting and cooling. In convergent polarized light the same inter- 
ference-image as in the former case, was observed; there can thus 


18 
Proceedings Royal Acad. Amsterdam, Vol. XVIL 
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hardly be any doubt, that the spodumene-modification, which is 
deposited from the liquid mass, is quite the same as that, which is 
discerned by us as g-spodumene. There are no reasons to adopt the 
existence of a third modification, which on cooling should be con- 
verted into the 8-form, as occasionally has been done. 


§ 15. Before describing our experiments with this compound with 
respect to the study of the transformations into the solid state, the 
determined values are once more recapitulated in the following table. 

From this table (next page) we can see, that in general the melting- 
temperatures of the natural kunzites are considerably higher than those 
for the synthetical products, and further we can, generally speaking, 
deduce, that the meltingpoint of the kunzites are decreasing at the same 
time with the increase of specific gravity. (The specific gravities of the two 
first mentioned kunzites differ too little to give any certain argument 
for this view). Of the two kinds of dense spodumenes however, the 
mineral of higher specific density seems to have the higher melting- 
point also, although in this case the meltingpoints are too close 
together, and are moreover not sufficiently sharp, to give any certain 
argument for an eventual rational relation between the two mentioned 
constants. 


$ 16. Now we will proceed to the question, in what relation 
the different modifications of the compound LiAlS7,O0, stand with 
respect to each other. That there are several of these modifications, 
can already be dedueed from the mere fact, that the product of 
solidification of the natural spodumenes is quite different from the 
original substances. 

Our investigations moreover have taught us, that there are really 
only two modifications, which can be discerned as «- and @-spodumene. 
Of these two forms the 2-modifieation is undoubtedly the one to be 
considered as the more stable form at temperatures in the immediate 
vicinity of the meltingpoint. The question, however, then rises im- 
mediately: in what relation are «- and #-spodumene to each other? 
Are they enantiotropic forms, like e.g. wollastonite and pseudo-wollasto- 
nite? Or are they monotropic modifications, as e.g. they are observed 
in some forms of the pentamorphic magnesiummetasilicate ? 

After numerous experiments in this direction, we have come to 
the opinion that both forms of spodumene must be considered as 
monotropic ones with respect to each other, and a-spodumene, ve. all 
kunzites, hiddenites, spodumenes of nature, must be metastable phases 
of the compound with respect to the B-form at all temperatures below 
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1400 ©. Therefore it is neither possible to indicate an ‘inversion- 
temperature’, below which the e-form, and above which the 2-form 
would represent the more stable phase: at all temperatures below 
its meltingpoint, the 2-spodumene is the only stable form of the 
compound zAlSi,0,. Under what conditions the «-form was always 
generated in nature, while it was till now never obtained in the 
laboratory from “dry” molten mixtures, may preliminarily be put 
aside. 

The reason however, that the a-modification, once produced, has 
remained so, notwithstanding its metastability with respect to the 
8-form, is to be ascribed to the enormous slowness, with which the 
transformation «— 2 takes place. 


§ 17. To give an idea of this phenomenon, we will describe here 
a series of experiments, made with the purpose to answer the 
question, at what lowest temperature the transformation a— 2- 
form again will oceur with a velocity just observable? Preliminary ') 
experiments had taught us that a long and little prominent heat-effect 
was observed between 900 and 1000° C., if a larger quantity of 
finely powdered e-spodumene was gradually heated; and the mieros- 
copical investigation also taught us soon, that within the mentioned 
temperature-interval, a transformation is going on with observable 
velocity. We therefore made the following series of experiments by 
means of the already mentioned stattcal method. For it is evident, 
that just with reactions proceeding so enormously slowly, tis method 
can be used with great success, because it permits us to keep the 
studied substances at a constant temperature during an arbitrarily 
long tune; in this way one can be sure that the reaction is thus 
completely finished, while the sudden chilling of the preparation in 
cold mercury will fix the momentaneous state of it in a most 
effective way. 

The following data were obtained by observations with the thermo- 
element IV; because the thermoelement was not placed zn the mass, 
but beside it, the whole furnace-system needed to be especially 
calibrated for this series of experiments. 

The calibration of the used quenching-system was executed by 
means of meltingpoint-determinations after the statical method, with 
substances, whose meltingpoints in terms of the gasthermometer were 


was transformed gradually into a much less dense substance (d=2,94), by heating 
on a Bunsenburner during ten hours. The new product was attacked much more 
rapidly by MF than the original substance. 
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already accurately known before. 


Only in this way is it possible, 


to find out, what temperature really corresponds to that, indicated 
by the thermoelement placed in the furnace. For this purpose we 
have made use of the meltingpoints of two compounds: Li,Si0, and 
LiboO,; the Li,SiO, melts at a temperature of 11956 M.V. on 
our standard-elements, the second at a temperature, corresponding 
to an E.M.F. of 7822 M.V.'). In this way we observed: 


LizSiO3. | LiBO,. 
| 
Heating during a long ‘ | Heating during a long 4 
time at a temperature, | ‘State of the chilled \ time at a temperature, | State of the chilled 
at which the E.M.F. of system: _ at which the E.M.F. of system: 
element IV was: ‚element IV was: 
12060 M. V. All glass. 7800 _M. V. All glass. 
12020), All glass. Tipo 1% All crystals. 
11980 „ All glass. | 7780 45 ‚ Many crystals; a 
| little glass. 
11940 „ Much glass, a few crystals | | 
|| AALO All crystals. 
11930, All crystals 
1190 „ | All glass. 
11950. ,, All glass. 


Thus, when the furnace-element indicates 11940 | 
M.V., the meltingpoint of Lz.S7O3 is reached;the | 
correction of the indicated temperatures at 1201°C. | 
to reduce them the nitrogenthermometer, is there- | 

| 


fore + 16M.V. 


The meltingpoint of the ZiBO, is thus reached, 
if the furnace-element indicates 7780 M.V.; there- 
fore the correction at 845’ C. is: +42 M.V. 


From both these data for 845°C. and for 1201° C., the correction 
for every intermediate temperature is found by intrapolation; for a 
temperature of e.g. 965° C., it is + 28 M. V.; ete. It is with this 
number, that the just mentioned temperature (in M. V.) needs to be 
augmented, to be reduced to the nitrogengasthermometer-seale. 

Having in this manner determined the temperature-corrections for 
the whole quenching-system within the range of temperature. from 
845° to 1201°C., we have chosen as an object for these experiments 


1) With the thermoelement IV three 
heating-rates of 30, 40 and 60 M.V. per 


series of experiments were made, with 
half minute. lor the lithium-metaborate 


we found thus successively as mean values: 7786, 7778 and 7781 M.V., — which 
gives as probable value: 7782 +4 M.V. The correction of element IV was + 40 


M.V. at this temperature; 
(G. Th). 


the true meltingpoint thus being at 7822 M.V. = 845 C, 
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the kunzite of Madagascar, and we tried to find in the described 
way the lowest temperature, at which a just discernible transform- 
ation of «— g-form yet occurred. The reader may be put in mind, 
that the experiments 1—14 were made with a thermoelement, 
provided with a very thin protecting tube; in the experiment 14—20, 
this protecting tube was omitted, which appeared however to make 
no appreciable difference. 


| Indication of ther- | 


4) | bo. 
) ESE 
| moelement IV at | $a SA 
| No. | the constant tem- =e Te S Result of the Chilling: 
perature of heating 8 2.2 op 
| (+ 15 M. V.) 5 SES 
| | 6510M. Vl „23e | 2 hours Only z-modif.; no transformation. 
2 6800 _ , 750 aes idem 
3 380° 5 805 Or tas idem 
4 8450 „ 901 2% idem 
5 9570 ©, 1000 Be All #-spodumene. 
6 9500 „ 994 Ake idem 
7 9070 O57), |e - 5) ‚No transformation; z-modification. 
8 9220 5 970 Dee | idem 
9 9360 , 982 35", Partially transform.; «-, and 8-form. 
10 9170, 966 Site Probably the same. ~ 
11 9280 , 975 Sts, Partially #-spodumene. 
| 
12 0280 -,; O75. Lc | All #-spodumene. 
13 9260 „ 973 4 , Probably partially #-form. 
14 92600 =. 973 375 ‘All #-spodumene. 
15 9260 „ 973 Br ‚All g-spodumene. 
16 Se 9225 , 970 | 8 8 ‚For the greater part: 3-form. 
9 wv 
1 SE 19160, 965 | 4 , | All z-spodumene. 
eee | | 
18 5e 9200 968 | 4 , | Evidently partially g-form. 
19 |SSfoino 965.5 | 4 , Some g-modification, many crystals 
Ze ‚_ of z-spodumene. 
20 9150 964 | 4 5 No £-form; the transformation has 
not yet begun. 


In this case therefore an evident transformation has already taken 
place at 9170 M. V. (uncorr.), or at 9198 M. V. = 968°C. (G. Th.), 
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Similar experiments with the kunzite of Rincon taught us, that this 
temperature is situated somewhat higher, at about 995°C.; in all 
these cases however, only very long continued heating can iead toa 
complete transformation of the a-, into the 3-form. It is therefore 
quite evident, that at ordinary temperatures, and even at 400° or 
500° C., the transformation-velocity of a-, into g-form must be 
practically equal to zero; thus the «- and g-spodumenes can be in 
immediate contact with each other, during an undetermined long 
time, without transformation taking place. 

The transition of a-, into 8-form is accompanied by an enormous 
increase of specifie volume: it is augmented from 0.81 to 0.41, 
being about 33°/, of the original value. It often occurred that the 
heated and transformed powder had risen over the borders of the 
platinum crucibles. In the described quenching-experiments, the trans- 
formation could often be stated already, when the used platinum folium 
had not yet been opened: it seemed to be inflated by the increase 
of volume of the enclosed preparation. Microscopically it is observed 
that the larger crystals of the «-form, in this transformation primarily 
get innumerable cracks and fissures; afterwards they change into 
opaque, no longer normally extinguishing aggregations of fine, felty, 
or even broader needles, whose extinction is a/most normally orientated 
on their longer direction; they can be recognized by their weak 
birefringence, as well as by their low mean refractive index: 1,519. 
The microphotographs fig. 7 and 9 may give some impression of 
the aspect of the two modifications between crossed nicols. 


§ 18. It may be expected, that the mentioned transformation- 
velocity will possibly be affected by some catalysers or by some 
fluxes in such a way, that it will show a discernible value already 
at considerably lower temperatures. 

Indeed we succeeded in proving, that on heating spodumene-glass 
with molten sodiumtungstate') at temperatures between 850° and 
920° C., after 32 hours a partial crystallization has begun, which 
however was complete only after 65 hours of heating. The erystal- 
mass had a refractive index of 1,523, and appeared to be no other 
thing than B-spodumene; the determined specifie weight was at 25° C.; 
dyo = 2,579. 


/ 

Nh The great difference between the specific gravities of the silicate and the 
molten tungstate, makes it necessary to use a platinum stirrer, to bring the silicate 
from the surface into the molten mass again and again. This stirrer was moved 
by means of a suitable electromotor-driven mechanism. 
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We then made similiar experiments with @-spodumene (of MAINE) 
in a mixture of 20°/, MoO, and 80°/, sodiummolybdate at tempe- 
ratures below 650° C.; on heating during 122 hours on temperatures 
between 595° and 605° C., we obtained birefringent aggregates of 
felty needles of the @-modification, with often rectangular borders. 
The refractive index was 1,527, and while the aggregates of needles 
did not extinguish in any position between crossed nicols, the rectan- 
gular needles often showed a normally orientated extinction. As in 
the former case, the product had also a pale lilac hue. 

Then we made the same experiment with «-spodumene (of Aincon); 
it was heated during 88 hours in the same mixtures at 595° to 
605° C. The small pieces of the a-form had got opaque and were 
converted at their borders or totally into the @-modification; the 
refractive index was 1,519. 

More experiments were made, which all taught us, that from 
molten magmas, cooled under manifold varied circumstances, never 
was another thing produced, than either spodumene-“glass”’, or 
8-spodumene; however we did not succeed in getting the a-form 
from dry magmas even a single time. As devitrification of spodumene- 
glass appears also never to give another phase than #-spodumene, 
— we are of opinion, that it may be considered as sufficiently 
proved, that the @-modifieation is the only stable modification below 
the melting point. The spodumenes of nature therefore certainly 
cannot be produced from dry magmas; they represent metastable 
forms of the compound, which are very probably generated from 
circulating solutions, that is by so-called ‘hydrothermal’ synthesis; 
the natural forms of the compound only appear to be preserved 
by the enormously retarding factors, which prohibited the transfor- 
mation into the more stable £-form. Experiments are going on, with 
a purpose to produce the «-modification of the silicate by such 
hydrothermal synthesis. The results of these experiments will be 
discussed in a following paper. 


§ 19. Finally we can here give some data, concerning the litht- 
winaluminate: LiAlO,. This compound was prepared by heating in 
platinum crucibles the weighed, finely ground and well mixed com- 
ponents, — lithiumearbonate being taken instead of Li,0, — in 
our resistance furnaces once at 900° C., then at 1200° C. After the 
resulting mass had been pulverized, the heating was repeated and 
these manipulations repeated four times. Analysis of the beautifully 
crystallized, homogeneous mass gave the following numbers; 
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Observed : Calculated : 
AlO,: 76,8 °/, 76,9 °/, PLS: 
PO: 20,2 °/, 23,0 °/, AAP 
100,0 
Although a small excess of L£7,0 was still present, the substance 
could be considered as practically pure ZiAlO,, — the more so, 


as on heating, a certain amount of Zz,0 always volatilizes gradually. 
A preparation, heated only shortly at 1600° C. contained, as ana- 
lysis showed us, only 19,34°/, Le,O0 and 80,65 °/, Al,O,; no further 
change had occurred than that the crystals of the original prepa- 
ration had got much larger dimensions, while preserving their gene- 
ral properties. At 1625° ©. the substance shows no trace of melting, 
but decomposes partially, by the volatibility of the Zz,0. The pla- 
tinum is strongly attacked, 47,0, being formed, and thus the alumi- 
nate cannot be heated at higher temperatures, without changing its 
composition. The meltingpoint can thus be hardly determined; the 
substance must have been changed a long time before already into 
Al,O,, with perhaps a slight admixture of some lithiumoxide. Even 
in a “hollow thermoelement”, we were not able to melt the substance, 
notwithstanding it being heated up to 1625° C. 

Microscopically the aluminate shows large, round-edged, hexagonal 
or octogonal plates (fig. 12), with a relatively high birefringence 


Fig. 12, 
Crystals of Lithiumaluminate. (QX Nicols). 
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and high interference-colours between crossed nicols. The refrac- 
tive indices were determined to be: „,=— 1,604 £0,001; n, = 
1,615 + 0,001 for sodiumlight; the birefringence was about: 0,012. 
No axial image could be observed. The specific gravity of the crys- 
tals at 2521" Gowas: ‘do == "2,504, 

In a following paper we hope to be able to give an account of 
the formation and the occurrence of the a-modification of the spo- 
dumene in nature, and to review the results so far obtained, also 
with respect to their geological significance. 

Laboratory for Inorganic Chemistry 
of the University. 

Groningen, May 1914. 


Physiology. — “On the survival of isolated mammalian organs 
with automatic function.” By Dr. E. Laqueur. (Communicated 
by Prof. H. J. HAMBURGER). 


(Communicated in the meeting of April 24, 1914). 


When studying the movements of extirpated pieces of gut, I was 
struck by the following fact: a piece of gut which had contracted 
for 9 hours in a Tyrode-solution at 37°, to which oxygen had been 
added, and which had been left to itself at room-temperature, began 
to move again the next morning, after being heated and after a 
renewed addition of oxygen. However frequently such experiments 
with pieces of gut — in the way suggested by Macnus — have 
been carried out by various investigators, yet the possibility of 
keeping the gut alive for so long a period seems to be unknown. 

Further researches show, however, that the automatic movements 
of such pieces of gut are of much longer duration than one day 
and one night. The longest period, as yet observed by me, runs to 
more than 3 weeks. As many as 21 days after the death of the 
individual the movements of the piece of gut could be observed. 
This time probably exceeds everything hitherto observed in this 
respect on mammalian organs working automatically. 

We may compare with this, for instance, how long after the death 
of the individual the heart can be made to contract. The heart is 
indeed the only automatic organ, as far as I know, on which 
experiments have been carried out in this direction. KuriaBkKo, for 
instance, discovered that when the heart of a rabbit, after being 
kept for 44 hours after death in an ice-chest, was perfused with 
Locke’s solution, contractions again manifested themselves. The heart 


271 


sometimes beat for several hours at a stretch; certain parts of the 
heart are even said to beat on the 3, the Sb, and the 7 day 
after death. It is a well-known fact that, when at the obduction 
air can penetrate into the cavity of the chest, this may give rise to 
spontaneous contractions of the right atrium — the ultimum moriens 
Halleri ov rather Galeni. Vurpran states that he has observed these 
contractions in the dog for 93'/, hours after death. Rousseau main- 
tains that he has seen these movements in an executed woman, 
29 hours after death. 

The human heart has also been made to contract independently 
after death. These attempts have never succeeded with adults when 
the individuals had been dead for more than 11 hours. (H. E. Hering). 

This could be done with the heart of a child 20 hours after death 
and in the case of a monkey as many as 53 hours after death. 
(KULIABKO, HERING). *) 

Recently Carre. and INGEBRIGTSEN have stated that some tissues 
can be kept alive for a long time after the death of the individual; 
the tissues could even become differentiated under these circumstances. 
These experiments, however, have been taken partly with very 
small pieces of hardly differentiated tissues: this applies for instance 
to the muscle-cells of the embryonic chicken heart, contracting 104 
days after the death of the animal. (Carrer). And partly they relate 
to parts of organs (bone and skin) where it is not so easy to 
determine whether the cells are living still. To ascertain this the 
“surviving” tissues must be transplanted on another animal. It must 
be taken into account, however, that these tissues may have 
permanently lost their independence. Only with the assistance of the 
normal tissues of the animal on which they were transplanted, they 
had regained life. 

With regard to the following experiments on the movements of 
isolated intestines, the investigations of Magnus have shown that 
automatic movements are only met with, when besides the musele- 
eell the nervous system of Auerbach’s plexus bas retained its activity, 
The phenomenon is, therefore, of a complex nature. 

Intestines can be kept alive longer than usual (+ 12 hours) only 
when the periods of activity are alternated with long periods of rest. 
This can easily be done, as we know, by lowering the temperature. 
At body-temperature the isolated gut works itself, sit venia verbo, 
to death, within from 10 to 14 hours, 


1) See the Summaries by O. Lancenporr in Ergebnisse der Physiologie 1908 
and 1905, 
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For various reasons the intestines of smaller animals, mouse, cavia, 
rabbit, were chiefly experimented upon. The method followed here 
keeps the intestines longer alive in proportion as they are thinner. 
In reality this method is a very primitive one. In the intestinal wall 
there is no longer any circulation and the metabolism is therefore 
restricted to the diffusion through the whole thickness of the wall. 
Hitherto I have not succeeded in keeping the gut alive in tyrode- 
solution, a medium particularly fitted for intestine-experiments, for 
a longer period than 5 days. Pieces of intestine which no longer 
moved in the solution in which they had been placed immediately 
after the extirpation, began to move again when the solution was 
refreshed. This can easily be explained. 

The experiments carried out by collaborators of Macnus, WEINLAND 
and Neuriren have taught that when the intestine is placed in a liquid 
medium, substances are formed which stimulate the intestine. That an 
accumulation of these stimulating substances, besides the usual decom- 
position products, and more especially besides the bacterial decom- 
position products, unavoidable in intestine-experiments,should impair 
the activity of the intestine in the long run can easily be understood. 

If the temperature of the pieces is kept particularly low (+ 8°), 
then the intestine keeps alive much longer than if the temperature 
remains but little under the limit at which activity still manifests 
itself. Pieces of cavia gut in tyrode-solution at 15° were already 
dead on the 3rd or 4'k day. 

If the temperature of the tyrode-solution was + 3°, the gut died 
only on the 5 day. 

To keep the gut alive for a longer period a medium is required 
resembling more than tyrode-solution the normal body-fluids. For 
this purpose I took horse-serum *), the serum of the small animals 
experimented upon not being obtainable in sufficient quantities. 

Since oxygen must bubble through the fluid in which the gut 
has been placed, a great quantity of froth is formed if serum is 
taken instead of tyrode-solution. This can be avoided, however, by 
pouring a thin layer of olive-oil on the serum. It might be assumed 
as probable that serum would prove a better medium than a salt- 
solution on the strength of the many experiences obtained with the 
surviving heart. (Wurre, HoweLL, Green, WALDeN, with hearts of 
warmblooded animals, Gururm and Pike with hearts of mammals. ') 


1) Horse-serum can be obtained by the method, described by HAMBURGER and 
often applied in his laboratory. | take this opportunity of again thanking my 
colleagues Dre Haan and OUWELEEN for the readiness with which they always 
provided me with horse serum, 
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It is true, cases have been mentioned where a frog’s heart, which 
beat no longer in sheep serum and could no longer be stimulated 
mechanically, was made to contract again by RINGER’s solution 
(WarpeN). Yet the possibility is net excluded that in these cases the 
strange serum has gradually had a poisonous effect. Therefore I 
shall also leave it an open question if the time during which the 
gut keeps alive would not be longer still if, instead of horse-serum, 
serum of the same animal, if possible of the same individual, were 
used. 

The experiments of INGrBRIGTsEN with tissue-cultures in auto-, 
homo- and hetero-geneous sera have demonstrated the relative 
superiority of autogeneous serum to serum of other individuals of 
the same kind, and of these two sera to heterogeneous ones. INGE- 
BRIGTSEN has not used horse-serum ; this seems to be a particularly 
indifferent medium. Numerous experiments have shown that this 
serum is a much better medium for the gut than tyrode-solution. 
The gut of a cavia, for instance, kept in tyrode-solution, was dead 
after 5 days; when kept in horse-serum another piece of the same 
gut still moved after 21 days. 

The experiments were carried out in the following manner. 


The animal, a cavia for instance, is killed by decapitation. 

+ 20 cm. behind the slomach a piece of the small intestine, long + 40 c.m. 
is cut out and divided in Tyrode-solution into 8 pieces long 4—6 c.m., called 
a—h. 4 of these (a, b, e, f,) were placed in Tyrode-solution, 4 others (¢, d, g, h) 
in horse-serum. 

Oxygen is led through the 8 glasses. The pieces a, e, ¢, g, are connected with 
a writing apparatus to a cymographion (method of Magnus). 

To c and g olive-oil is added. The movements of these 4 pieces having been 
registered at + 37°, they are slowly cooled down. Then the current of oxygen 
is stopped. The glasses a, e, and the reserve-experiments b, f‚ remain at room- 
temperature (+ 15°), the glasses c, g and the reserve-experiments d, h are exposed 
to a temperature of + 3°. The pieces als, eT, ¢7,; and gT} remain connected 
with the writing-apparatus or are removed with it. 

On the third day after the death of the cavia the pieces a, e, c, and g are 
connected with the cymographion whilst oxygen is led through, and are slowly 
heated to 40°. All the pieces move, but not so much as the first time except 
gS, the movements of which have become greater. The fluid in all 8 glasses is 
refreshed after being cooled down and saturated with oxyen as on the first day. 
On the sixth day all are heated etc. just as on the third day. Piece 7}; moves 
no longer now, not even after the Tyrode solution has been refreshed. The reserve- 
piece LT; does not move either: therefore in Tyrode solution at + 15° the gut 
dies before the 4th day The three other pieces ¢73, “S;, and 9S; still move, 
the first two less again than last time. On the 6th day everything is heated again 
etc. Piece e7; moves no longer, not even after the Tyrode-solution has been 
refreshed. Nor does the reserve-piece /7'3 move: hence in Tyrode-solution at + 3° 
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the gut dies before the 6th day. Piece «Sj; does not move either. On the other 
hand the reserve-piece dS}; is still in motion. Movements of 7Sg are still greater 
and have the same frequency as before. The three fluids are renewed ete. On the 
Sth day only 7S; moves distinctly: hence in horse-serum at + 3° death before 
the 8th day. 

On the 10, 13, 15, 17, 20, 22nd day 7S, moves distinctly, but the movements 
have become smaller. On the 25th day no movements. The reserve-piece 4S; got 
fresh serum for the last time on the 22nd day and is for the first time connected 
with the cymographion on the 27th day. It does not move; only its tension 
decreases when heated. Hence in horse-serum at 3° the intestine dies after the 
Q2nd and before the 25th day. 


Human gut ean also be kept alive for a comparatively long 
time '). A piece of colon, obtained after an operation, moved still 
after 36 hours. And an appendix, kept in horse-serum, described 
no straight-line on the eymographion after as many as 6 days. 
There were slight but distinct contractions, which ceased when the 
intestine was cooled down to 25°. Finally 1 may mention that a 
human vas deferens was still alive in tyrode-solution after 30 hours. 


Summary. 

Isolated pieces of mammalian gut can be kept alive during a long 
time, much longer than the periods found hitherto for other auto- 
matic mammalian organs. For this purpose the medium in which 
the gut has been placed must occasionally be refreshed whilst it 
is of great importance that the temperature of the soluuions should be low. 

In Tyrode-solution of 15° the gut dies after 3 days, at 3° after 
+ 5 days, in horse-serum at 15° after + 7 days, at 3° after more 
than 21 days. 

Also pieces of human intestines still showed signs of life after 
they had lain for 6 days in horse-serum at + 14°. 


Groningen, April 1914. Physiological Laboratory. 


1) | am indebted to Prof. Kocu for his kindness of providing me with pieces 
of human gut. 
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Physics. — ‘“Jsothermals of monatomic substances and their binary 
mixtures. XVI. New determination of the vapour-pressures 
of solid argon down to — 205°.’ Comm. N°. 140a from 
the Physical Laboratory at Leiden. By C. A. CROMMELIN. 
(Communicated by Prof. H. KAMERLINGH ONNEs). 


(Communicated in the meeting of March 28, 1914). 


The vapour-pressures of solid argon, which are communicated 
below, form an extension of and have partly to replace those published 
on a former occasion. *) 

The measurements were inade in the usual vapour-pressure apparatus 
for low temperatures. *) 

The manometer on which the pressures were read was constructed 
after the model used by G. Horsr for his measurements on ammonia 
and methyl-chloride to be published shortly: this form of manometer 
gives perfect security against leakage. 

The method of conducting the measurements gives no occasion 
for special remarks: we refer the reader to the previous paper. It 
‘may be mentioned however, that the temperatures were measured 
with a gold-resistance thermometer, as below — 200? gold is preter- 
able to platinum. This thermometer was very carefully compared 
with the standard-platinum-thermometer ty. 

I am indebted to Mr. P. G. Carn assistant in the physical Labo- 
ratory for the measurement and calculation of the temperatures and 
for the comparison of the two resistance-thermometers referred to. 

Table I contains the results of the observations and the deviations 
from the RANKINE-Bosr-formula: 


log pcoex. = ARB + bra T-! + erg T° + dep 1-3, 
with the following values for the coefficients 
dpe 2b 6.6421 ony = + 0.677495-104 
pe eT IGE SC 10 dra = + 0.28084 x 10° 


1) CG. A. GROMMELIN, Comm. Leiden. NO, 138c, The measurements were repeated 
because shortly after the publication doubt arose as to the accuracy of the determi- 
nations at the lowest temperatures (see note on p. 25 of Comm. N°. 138c). The new 
measurements showed this doubt to be justified, the observation at — 2069,04 
being found altogether wrong and the one at — 179°.62 not very accurate. The 
remaining observations of Comm. N° 138c correspond well to those published 
here. The probable cause of the errors must be air having leaked into the argon 
at the low pressures: but I cannot explain how it is that this was not noticed 
during the measurements. 

2?) H. KAMERLINGH Onnes and C. BRAAK, Comm. N°, 1074. 


TABLE I. Vapour-pressures of solid argon. 


0 EE | 


gert B (Celsius : = pe | Perge ae 
NO, in Kelvin- ravi | in cms 
1913 degrees) atm. int. | RANKINE- Bose, NERNST | 
| NL formula. formula. | 
J ee eee ee 
26 Nov. | XXIII _ 189.64 | 0.6554 | 49.78 | 0.20 1:88 
 ekTv 2)" fot al, “OLSEN 39:80 OMO ALE | 
XXVI 195.60 | 0.2749 | 20.88 | 40.35 | —1.33 | 
XXVII | 197.25 | 0.2153 | 16.35 | 42.16 40.15 
28 Nov. | XXVIII} 200.07 | 0.1113 8.456 || Orsa teu: Saag 
| XXIX | 202.21 | 0.08931 6.783 | —0.89 —1.49 
| | | 
| XXX 203-78, | 0506140 |-- 5,119 |. 004 +0.59 
XXXI 205.32 | 0:05043 | 3.830 |  -+0.36 +2.79 


and from Nernst’s formula (treated simply as an empirical formula) 
A yy J . 
log Peocx. = 7 + BT + DlogT + C 


with the coefficients 
A = — 567.49 C = 4 20.851 
B= + 0.010899 D =~ 6.9057. 
The values of the coefficients in both formulae hold for p in ems. 
mercury. 
The comparison with the formula which Sackur has deduced 
from Nernst’s heat-theorem 
P 


À c 1 c Cc 
logp = — DA gy eae ee Re p 
°9 P BERT RR? 2.3 AE 23 R 
0 


is given in table II. 

For details as to the manner in which the various values have 
been calculated the reader is referred to the previous paper. It will 
be seen that the agreement is satisfactory at the higher temperatures 
while at the lower temperatures the deviations become very large. 

Finally 1 have caleulated the heat of sublimation of solid ie 
from the simplified CLAPEYRON-CLAUSIUS-formula 


EN mos 
Asol.-vap. TA? p = corx, 


Ps 


TABLE 11. 

7] pw) P(R) 
—189.64 | 0.655 | 0.618 
191.31 0.518 | 0.507 
195.60 | 0.2% | 0.286 
197.25 | 0.215 | 0.226 
anode ek. Gill te O14 
202.21 0.089 0.124 
203.78 | 0.067 0.107 

| 205.32 | 0.050 | 0.094 


p 


: \ d. 
Calculating (*) from the above RANKINE-Bosr-formula the 
COEX. 


following values are found for the heat of sublimation expressed in 
calories per gramme of substance at the various observation 
temperatures 


TABLE III. 


Calculated heat of 
sublimation of argon. 


0 Asol.—vap. 


—189.64 47.36 
191.31 47.16 
195.60 46.58 
197.25 46.31 
200.97 45.59 
202.21 45.32 
203.78 | 44.93 
205.32 44.51 


In coneluding [ am glad to express my hearty thanks to Professor 
H. KAMERLINGH Onnus for his continued interest in my work. 
| 19 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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Physics. — “Further experiments with liquid helium. J. The imi- 
tation of an AMPbrr molecular current or a permanent magnet 
by means of a supra-conductor. (Cont.). By Prof. H. KAMERLINGH 
ONNes. Communication N°. 140c from the Physical Labora- 
tory at Leiden. 


(Communicated in the meeting of May 30, 1914). 


§ 5. The main experiment repeated. Although the original experi- 
ments on the persistence of a current which is started in a closed 
supra-conductor have established the fact that the diminution of the 
current with the time is very small (at least if it is assumed that 
in the phenomena hitherto unknown magnetic properties do not play 
an important part), still for the magnitude of the change only an 
upper limit could be fixed. As no change of the current was obser- 
ved, this upper limit was determined by the uncertainty in the 
measurement of the current. The only fact established so far was 
that, if the change had been greater than 10°/,, it would have 
been observed. 

In repeating the experiment it was attempted to determine the 
change itself or otherwise to reduce its upper limit, in so far 
as the conditions under which the experiment had to be made 
allowed this. The same supra-conducting lead-coil was used. As before 
the current was produced in the closed conductor by induction in” 
order that the circuit might be kept free from connections other 
than of lead fused together). The current was again measured by 
compensating the action of the coil on a compass-needle by means 
of a current in a subsidiary coil. The arrangement was however 
improved by this coil (of insulated copper wire) being placed in a 
small vessel with liquid air in a fixed position with respect to the 
needle. When the compensation was obtained, the experimental coil 
was turned 180° about a vertical axis and again compensated with 
the current in the second coil reversed, the magnetic moment of 
the experimental coil being deduced from the mean of the two 
observations. 

If the diminution of the current can actually be calculated 
from the residual micro-resistance given in Comm. No. 1388, viz. 


1) An attempt is at present being made to manufacture a supra-conducting 
current-key. 

?) This value given already in Comm. N® 140% is a more accurate value than 
the one given in Comm. N°. 138. 
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of relaxation, with £ == 107, would come to about 270000 seconds 
or 75 hours. In that case the current would fall by 4°/, in three 
hours. It was hoped that it would be possible with the improved 
arrangement to establish a diminution of that amount. 

The experiment was made with a field of 189 gauss at a tempe- 
rature of 1.27 K. The current amounted to about 0.4 amp. (as 
before no account was taken of the possibility of magnetisation or 
of induced circulating currents inside the supraconducting material) 
and during about 2'/, hours no diminution of the current was 
observed; it was then necessary to admit a fresh supply of helium 
into the cryostat: during this operation the temperature rose tem- 
porarily to 4°25 K. During the next hour the current was found 
to undergo a gradual diminution and to approach asymptotically a 
new value of about 0.86 amp. which did not show any further 
change for 1'/, hours. The observations during the two periods 
mentioned render it probable, that the change does not attain the 
value of 4°/, in 3 hours as calculated above. 

It was considered: possible, that the changes of shape of the 
helium-liquefier and the cryostat during the process of condensation 
and transfer of the liquid helium, as well as a possible change of 
zero of the compass-needle which after the magnet has been removed 
is still near various iron parts of the apparatus, might have had an 
influence on the values of the current as measured at different 
moments. Judging by the correspondence of the various readings 
the accuracy was smaller than had been expected. In again repeat- 
ing the experiment therefore two compensating coils were used by 
which compensations on the east and on the west could be effected. 
They were mounted each in a small vessel with liquid air on a 
fork-shaped stand and could be rotated about vertical axes in such 
a manner that the distance of the axes could not change. The same 
needle served for the compensation on both sides. Guiding pins 
guaranteed the same position cach time of the needle relatively to 
the compensating coil which was being used. The common support 
of the two coils was moveable parallel to itself in a horizontal 
direction on a slide and by means of marks it was possible to place 
it each time in the same direction and the same position relatively 
to the vertical axis of the experimental coil. The axes of the three 
coils were provided with horizontal divided circles moving along 
fixed pointers. Each measurement consisted of 8 readings in the 
obvious combinations of 4 positions both with compensation on the 


left and on the right. 
In the experiment with this improved method of reading care was 
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also taken, that the current did not rise above the value at which 
no further change had been observed at 4°.25 K. The current was 
therefore raised to only 0.22 amp. (approximate value calculated 
as before from the observed magnetie moment of the coil), so that 
the supply of a fresh quantity of helium would probably not have 
the disturbing effect which had been noticed in the previous expe- 
riment. The temperature used was 2° K. In the beginning again a 
fall of current was noticed which must however be considered as 
uncertain, inter alia owing to the possibility of the changes of shape 
of the apparatus and the change of zero of the needle not having 
been sufficiently eliminated yet in these observations. In the three 
hours subsequent to the initial period no further diminution was 
observed, the last observation even giving a small increase. Still in 
this experiment the accuracy could not be considered greater than 
about 2°/, of the measured moment and, as it was found impossible 
to continue the experiment beyond three hours, again only an upper 
limit for the change could be established, to be put at about */, °/, 
for current and induced magnetisation combined. Taking all the expe- 
riments together it may be considered as probable, that the change 
of the current is less than 1°/, per hour which raises the time of 
relaxation to above 4 days. 


§ 6. Upper limit of the residual micro-resistance according to these 
experiments. So far no contradiction has arisen in reasoning on the 
assumption of the existence of a residual micro-resistance which 
below the threshold-value of the current again obeys Onm’s law. 
On this view the upper limit of this micro-resistance for lead, which 
in Comm. N°. 133 was placed at 0,5 10—-!° of the ordinary resi- 
stance at 0’, can now on the basis of the above observations be 
moved further back to about 0.8 10-1 or 0.2 10—!° of the resistance 
at the ordinary temperature. 


$ 7. Some of the control-experiments repeated. In the previous 
paper a few other experiments beside the main experiment were 
described: some of these have now also been repeated. 

Again we did not succeed in conducting the experiment in which 
the windings are placed parallel to the field, the coil cooled below 
the vanishing-point while in the field and then the field removed 
in such a manner, that the compass-needle, when brought near the 
cryostat after removal of the electro-magnet, did not show any 
deflection. After the action of a field of 400 gauss at 4°.25 K. a 
current of 0.1 amp. was found in the coil. This would give 0.045 
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amp. with a field of 189 gauss, the same as used with the other 
experiments, whereas the main experiment at the same temperature 
and inducing field had given 0.4 amp. 

More satisfactory was the experiment in which first a current is 
produced in the coil — analogous to the currents in resistance-free 
paths as imagined by Wersrr for the explanation of diamagnetism — 
and then destroyed by the removal of the field: an almost complete 
compensation was obtained in this case. The experiment was made 
with a field of 189 gauss. This result is of special importance as it 
practically disposes of the supposition mentioned in the previous 
paper as possible, although very improbable, that magnetic properties 
of the material of the coil might play an important part in the 
phenomena. 

The current in the coil changes with any new magnetic field 
applied and with any further change in it, or with any change of 
position relatively fo the field. In this respect the influence of the 
earth-field may be noted. The current in the coil, when placed with 
its windings at right angles to the meridian, will assume a slightly 
smaller value in the one position North-South and a somewhat larger 
value in the opposite position Sout-North than in the position East- 
West, which is practically the position in which the experiments 
were made. In our experiments this action was however too small 
to be taken into account considering the accuracy which could be 
attained at the most. 

It may be observed that our conductor carrying its current in the 
absence of an electromotive force, when undergoing the relatively 
small action of the field of the earth, is analogous to the AMPERE 
molecular currents (in the form of circulating electrons) which play 
a part in LANGEVIN's theory of magnetism, when they experience a 
diamagnetic action on being brought into a field, in accordance with 
Lorentz’s theory of the Zerman-effect. 


§ 8. The experiments repeated with the circuit open. 

So far it has been constantly assumed, that the magnetic properties 
of the material of the coil play but a secondary part in the pheno- 
mena observed, when the experiments were arranged so as to 
produce a permanent current. This view was based firstly on the 
difference in the results with the windings parallel and perpendicular 
to the field during the cooling in the field and secondly on the 
compensation found on applying and removing the field after the 
conductor had already been cooled to helium-temperature. Further- 
more that the part of the effect which is independent of the circu- 
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lating current must be ascribed to the lead itself, was to be inferred 
from- the fact, that the current is quenched, as soon as the tempe- 
rature of the coil rises somewhat above the boiling point of helium 
and passes the point which, as being the vanishing point for lead, 
has a special physical meaning for this substance. 

In order to obtain further information as to the part of the 
phenomenon which depends upon the material itself, the experiments 
were repeated after the lead-wire connecting the ends of the coil 
had been cut, so that the circuit was no longer closed (apart from 
possible short-circuits in the coil). 

This time the experiments with the exception of one could only 
be performed at 4.°25 K: still there does not seem to be any objection 
to applying the results for the explanation of the irregularities which 
had been left unexplained in the main experiments, although these 
had been mostly carried out at a lower temperature. 

In all the experiments a certain residual effect remained, which 
was reduced to about one tenth when the windings were parallel 
instead of at right angles to the field and in the latter case was 
fairly well independent of the field. The amount of this effect cor- 
responded to a moment which was equivalent to a current of 0,05 
or 0,06 amp. in the closed circuit. In one of the experiments, the 
only one in which the temperature was lower than 4.°25 K., viz. 
about 3° K., the moment was estimated to be equivalent to as 
much as 0,07 amp. The effect with the circuit open is thus very 
much smaller than in the main experiments. The share born in the 
effect by the frame of the coil and the lead independently of closing 
the circuit may therefore be put at less than */, of the total effect 
in the. main experiment. 

As a check on former experiments the following additional expe- 
riments were made with the coil with the lead wire cut. 

In the first place at the ordinary temperature after joining up to 
a ballistic galvanometer the induction was measured arising from 
putting on or taking off the field with the windings in the position 
in wkich they were supposed in the previous experiments to be 
parallel to the field. The induction was found to be ?/,, of the effect 
in the position at right angles to the field. This observation may 
contribute to the explanation of the residual effect observed in the 
experiments in helium in the position with the windings parallel to 
the field. / 

In the second place a known current was sent through the coil 
and its strength measured by the same method as used in determining 
the moment of the experimental coil in the experiments with the 
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lead circuit closed. Although the matter requires further elucidation, 
it would seem to follow from this measurement, that a few of the 
layers of the coil are short-cireuited. After opening the circuit a 
residual moment remained in the coil as before which was destroyed 
on raising the temperature slightly above that of the helium-bath. 


Physics. — “Further experiments with liquid helium. K. Appearance 
of beginning paramagnetic saturation.” By Prof. H. KAMERLINGH 
ONNes. Communication N°. 140d from the Physical Laboratory 
at Leyden. 


(Communicated in the meeting of May 30, 1914). 


The question, whether paramagnetic substances would show a 
saturation-effect at high field-strengths, has always been considered 
a very important one. Although it could hardly be assumed, that 
the susceptibility would remain independent of the field at higher 
strengths than were attainable, still so far at the highest fields 
available it appeared to be the case. LaANnGrvin’s theory brought 
the explanation, why so far all attempts to find paramagnetic satu- 
ration-effects had remained unsuccessful. According to this theory 
the magnetisation appears to be determined by the expression 

Ont 

= 
gramme-molecule, A the gas-constant, 7’ the absolute temperature 
and. A the field. As long as « remains below 0,75, the changes of 
the susceptibility with the field escape the ordinary method of obser- 
vation and at the ordinary temperature even a substance as strongly 
paramagnetic as oxygen gives for a with a field of 100000 not more 
than about 0,05. As I pointed out at the 2»¢ International Congress 
of Refrigeration at Vienna (1910) this theory shows that lowering 
the temperature is the means by which the observation of para- 
magnetic saturation might be attained and that helium-temperatures 
are the most suitable for the purpose. In fact as the absolute tem- 
peratures to which one may descend by means of helium are 70 
and even 150 times lower than the normal temperaturé, the result 
will be equivalent to raising the magnetic field at which the obser- 
vation is made 70 or 150 fold. , 

I have lately at last been able *) to fulfil my desire to attack by 


where 6, is the magnetic moment of the molecules per 


1) Viz. by the acquisition a short time ago of an electromagnet (built according 
to Weiss’s principle and utilising his friendly advice) the interferrum of which 
leaves sufficient room at fields of 20000 for experiments with liquid helium. 
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this method the problem of paramagnetie saturation which is also 
fundamental to Weiss’s theory of ferromagnetism. In the first place 
it was necessary to have a substance which might be expected to 
obey Curie's law, which also follows from Lanervin’s theory, down 
to helium-temperatures ; in the second place the substance must have 
a high value of o,. Both properties I hoped to find combined in 
erystallized gadolinium-sulphate, a quantity of which Professor URBAIN 
some time ago had very kindly put at my disposal. 

Earlier investigations in conjunction with Perrier and OostEruuis had 
shown, that gadolinium-sulphate follows Curre’s law down to the free- 
zing point of hydrogen and does not show any sign of saturation, which 
as LANGBVINs theory shows, if it existed at that temperature, would 
be ferromagnetic in its nature, as. paramagnetic saturation at the 
value of @ which could be reached would not yet be clearly obser- 
vable. The number of magnetons calculated according to Weiss is 
large (38). That gadolinium-sulphate would still obey Curtm’s law at 
helium-temperatures I felt justified to infer from the fact, that it is 
a “diluted” paramagnetic substance. The gadolinium-atoms, separated 
as they are e.g. by the water of crystallisation, are at great distances 
from each other, and this Dr. OosrerHvis and I in Comm. N°. 139¢e 
found a favourable cireumstance to Curim’s law being valid down to 
very low temperatures. 

The experiments have given a confirmation of LANGEVIN's theory 
which is at least qualitatively even now complete. Before an opinion 
can be formed as to the quantitative agreement various corrections 
will first have to be investigated. The most important of these which 
must not be neglected, especially when tbe validity of Curie's law 
is to be tested, is the demagnetising action of the paramagnetisation 
itself, as the latter attains exceptionally high values. As an instance 
I may mention that with 0,345 gram of gadolinium-sulphate at 2° K. 
in a field of 15 kilogauss there was observed an attraction amounting 
to over 100 grammes. Another circumstance that one should keep 
in mind is that the object of observation consists of small crystals 
packed on each other. 

The measurements consisted in determining the attraction in a 
non-homogeneous field, the gadolinium-sulphate in the eryostat being 
cooled first in liquid hydrogen under normal pressure, next in hydrogen 
under reduced pressure, next in helium boiling at ordinary pressure 
and finally in helium under 4 mms, the apparatus and the fields 
being the same each time. 

The measurements at the boiling point of hydrogen (20.°3 K.) 
had the object to obtain the force at a given point for a given 
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strength of field for controlling the values derived from ballistie 
calibrations. I hope to return to the details of the measurements 
and the arrangement of the apparatus afterwards, when an accurate 
quantitative comparison of the results with LanGnvin’s theory will 
have been made. If is as yet impossible to decide, in how far 
deviations are present which might be attributed to the existence 
of a small zero-point energy which would manifest itself in the 
manner in which the saturation changes, as well as in a deviation 
from Curin’s law at weak fields. It seems, however, that these devia- 
tions are not sufficiently large to disturb the general aspect. 

On this occasion I wish to confine myself to communicating the 
general aspect of the results as laid down in the adjoining graphic 
representation on which the experimental numbers may also be read 
with sufficient accuracy. The curves represent the observed attractive 
force as a function of the square of the field on the axis between 
the poles. This field was read as a function of the current from a 
calibration curve. 


Curve I refers to 20.5 K, curve II to 14,°7 K, III to 4.°25 K. and 
IV to 1.°9 K. Each division along the horizontal axis corresponds to 
about 90 kilogauss, along the vertical axis to 25 grammes. The ratio 
of the force to the square of the field on the axis of the poles per 
unit of susceptibility was about *‚, neglecting small’ changes in the 
topograpby of the field. 
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If the susceptibility does not depend on the field and its topo- 
graphy remains the same, the curves are straight lines. The small 
deviations from the straight line at 20.°3 K are probably chiefly due 
to errors in the topography of the field, seeing that according to 
earlier more accurate determinations we had to await within the 
limits of the experiments a susceptibility independent of the field and 
therefore in this graph a straight line. By means of the deviations 
from the straight line at 20.°3 K the curves for the other tempera- 
tures have been provisionally corrected. It will be seen that for a 
given field these curves are the more strongly curved the lower the 
temperature to which one descends, in accordance with LANGEVIN's 
theory. Within the limits of accuracy to be expected in connection 
with the neglect of the various corrections referred to above the 
tangents of the angles of elevation of the tangents to the curves at 
the origin appear to be inversely proportional to the temperature as 
required by Curin’s law and the deviations of the curves from the 
tangents as expressed by the ratio between the ordinates of both 
for a given abscissa are strikingly similar to the deviations of 
LANGEVIN’s curve for the magnetisation as a function of the field 
expressed in the same manner. The nature of paramagnetic magne- 
tisation is very clearly revealed in these measurements at helium- 
temperatures. . 


Mathematics. — “On some integral equations.” By W. Kaprryn. 


1. In a memoir “Recherches sur les fonctions cylindriques” (Mem. 
Soc. Roy. Sc. Liége 3ième Série t. VI 1905) we gave the solution 
of the integral equation 


x 


F(a) = PRE PD dE sO 
0 
in this form 


wo) = De 2 oS: EN 


where the functions /; represent Beans functions of order 4. 


This solution rests upon the relation 
L 


At ne) n= kds 
[nw ( p=" al ee )- EN 


n LOE 


from which the following theorem may be deduced. 
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If 
AOR ef NO EEA EE ne en eS) 


then — 


En Sn ren diay 
0 : 
The object of the present paper is to show that more general 
integral equations may be solved in the same manner. 


Bene Wek 
f(z) = y (9) Le —P)d ENR) ar ay Set ON 
0 
where. p represents an integer, and let 
J (@) = Cp4ilytr(@) + eppeZppele) +... 
p(B) = 6,1,(8) + b,1,(°) + 6,1 ,(3) ai 
then 
Re 
S cubulo) = 3 by LN, (ed GA RE gay 
pt ie | 
5 0 
Therefore the integral equation (6) will be solved if we can 
determine the coefficients 5 in function of the coefficients c. 
We shall first show that 
HS Le —B)d8 
0 
can be expressed in a series of Burssr’s functions. 
By differentiating we get 


zx 
du fe 
en fw fi 
da . 


Ue) 4, 
dx 


eee NY ze 
dix? = 
Now 
Ia 1 dĲle—f : 
ae!) El ge P| da) = 0 
de: ag dz («—)p? 
or 
d°I(e —8) p 1 dl,(«—B) 


(af I, («@—B) — 
da” AR bne af da 
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where the second member may be reduced by means of the relations 


rar Lp («—Pp) =d [Zot (a—Pp) si LH (@—8)] 


d 
zo Ir (@—B) = 4 pt (28) — Tp (ef) 


ae +] LH («—8) 


Therefore 
d°L (ee) alts 1 (a —8) 
IT, («—s) = 
EER EA vB 2 ef 


x x 
du pl EP 1 i ee: 
So Te ae ae ES | egy 
2 x—p 2 a 
0 


da? 
or, according to (3) 
d'u 
de? Ge ELLA (x) =5 Lip (a ‘)] 
2 
En + u = (n+p) —— rise ze 


This differential equation holds also if p= 0 


Now the general integral of this equation 
EL 


u= Asine + Beos + (n+p) | sin (e—Pp) tl (8) 12 
0 
when the constants A and 5 are 


gives the required value of u, 


determined by the conditions 
du 
7 =0 e=) | 
det 
du 
«=o Mnl (n= p= 0). 
daz 


xr 


Thus we obtain generally 
ae @, 


u = (n+p) | sin (e«—p) —— 
0 


and when n= p=0 
u = sin 4. 


Introducing now the known expansions 
sin (ec —B) = 2 [J, (w —B) — I, (a) + I, («—8) — …] 
and 
sin & — 2 [I, (©) — J, («) + J, (2) .. J 


we have according to (3) 
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u = 2 [Lat (©) — Intpts (@) + Intpts («) — --]- 
thus in all cases 


x 


[+ (3) Ly («—8) dp =o [Zap (2) = Lnt+p+s (a) + Lips (w) — zl (8) 
0 


Applying this result, the equation (7) takes the form 
= Cnt m (« aie a St, [Lntep+ (x) ai Lntp+s (a :) SE -++] 


and comparing the two ae we have 


Opr = 26, 
Cp+2 a 26, 
opta = — 26, + 2b, 
Gta —- 26, dt 20; 
etc. 
thus 
a oo 
i. 2 ’ nh Soe 9 ? Ier 9 ’ Sierra 9 9° 
and 


eg hy ee) 


The solution of the integral equation (1) in the form (2) may be 
easily deduced from this equation. For putting p= 0, we obtain 


C+ C.-C 
2 2 


PO) =O HLO HEEL HEEL OH 


In this case 


Jia) ce, 1, (ed 6, 1, (2) Fres (2) eet 


thus 
a 21, (a) +2 AG Rn = ae s(#) + - 
and 
p (x ze) Hele) + 
which, according to (5) may be written 
pon taf ‚oa, 


3. We shall next show that the solution (9) may be written in 
the same manner as the solution (2). It is however convenient to 
examine first the special cases p= 1, 2, 3. 
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Lp 
Let Fo) =| OL te Dd 


then 
x 


PDO [AOL ~ DL — Nd 
0 
Multiplying these equations respectively by 1 and 4, and adding 
we find 


EDE) + AF) =p) + | OU e+ 4-1 a 
0 


thus 

| at ee ae j 1 (eB) 

2 (0) — DOL ALON =— 4 f OEE ae. 
Now, according to (5) 


. I,(«—8) 
af Eg OE, + BT + PL + 
0 


or, with the values of 6 from (9) 


AN tse ae 
fed Get ae Get a ee - | 
( 


2 
which by means of (5) may be written 


afr ED a = Ase 


Therefore the solution may be put in this form 


a 


(epen afs de. (19) 


ep =D: 
Differentiating 
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f@)= fr (BL, (e—8) 4B 
we obtain 
2D (e) = 8 (8) [2,—1,) dB 
, 0 
287°) (w) = 2y (2) xy + fu EL 
0 


Thus 


93 De) + A2 12e) — (DI + 1d (ve) — fuer 3)— Lef B 


0 0 


where 


= Se hk pe on eee 


== reads + o,f. ap che an ye | 
|! 
= ae IN cl, ar cls 1 ta | 


LS —6) 


De ad Ei 


dp. 


This gives the Arid: 


2 (a) — (2/0) —AL2/ Oe) fit a et 1343 fas ea Dusan 


rite Pp = 5 
By differentiating 
HF 
e= fr (8) Z, (e —8) a 
0 
we obtain 


270 (e) = fo) UI, + Ld 
0 
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ie 


DFD (a) = 2p (x) + [P(3) [— 57, + 61,—4/, + Id. 
0 
Multiplying these equations respectively by 4, 5, 1 and adding 
we get 


[247 (w)] + 51 2°FO OI + 4/0) = 2¢(2)] if (B) [4,+4,] 48 = 


ate 8) 


=p) + 12 | g(a) 


dp 


where 


EL ad, Pel In 5 
Meas + oh Led 10 cua) 


2 I (2 
=} fio LP fell 


In this case therefore the ak takes the form 
2p (x) — [24/7 (2)] — 9 PA) — 4[f(@)] = 


== fie? He Pap fy EP a8 


4. Proceeding now to the general case, we may expect, A”) being 
constants, 


2g(a)-A af p) [2rtif(ptD (2)] - A) [rf ps (@)] | „fe, fp 3(a)] 665 


miro fo ORD —?) ap . (18) 


0 


wl wl 
a 


If p be even the last term in the first member is — Ay [27 (w)], 
EN 


and if p be odd it is ~ Alf) 


The second member now reduces to 


aft jn dn zi b, Bo SA dba. 


0 
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leppilop + cppele,41 + Optalopte +--+] 


1 

> 

+ 4 [eppiloppeteteloppat otal ps +] 
thus 


z 


t—B) es r+] Hi (t- 
fr Pda si fra DEEL joe Paps 
0 


8 


0 

Substituting this value in the equation (13) we see that g(a) may 
be expressed in differential coefticients of the function fx) and two 
integrals. To determine the law of the coefficients A,»), AP, 4,0, 
A,P)... we put together the values for p—1, 2,...10 in the 
following table: 


Pp Ap) NE, A,{P) A) A) AP) 

1 1 3 

2 1 + 

3 1 5 4 

4 1 6 8 

5 1 £ 13 4 

6 1 8 19 12 

7 ] 9 26 25 4 

8 1 10 34 Lt 16 

9 1 ri 43 70 41 4 
10 1 12 53 104 85 20 


Examining this table we see that 
A,'p) =.A,(y-1) + A fp—2) 
Av) = Ap) + A,(e—2) 
ALG) = APD EAT 


(p even) 
(yp) — Alp (p—2) — (p-2 
Av at A 


2 2 2 2 


(p odd) 


fe ae 
Ay == 
9 


If therefore the coefticieuts of order p — 2 and p — 1 are known 
those of order p may be found. To verify the results we may 
remark that if 


we must find 
S, 0 + Sp—1 . 
The resulting values of these coefficients are as follows 


20 
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AP=pt2 (p22...) 
1 
AP) Sr (p?+p—4) (p=8.4.5...) 


1 al 
AP) = a (p—4) (p?+p—6) (p=5.6.7...) 


AM=1 (poles) 
| (15) 
| 


A) =; (p—5) (p—6) (p?+p—8) (p=7.8.9...) 


AO= (p—6) (p—7) (p—8) (p?+p—10) (p=9.10.11..) 


where the law of succession is evident. With these values the equa- 
tions (13) and (14) give the required solution. 


4. To generalise the preceding results we will proceed to examine 
the more general integral equation. 


fj 


FE) =P (6) E (e—p) ap Beer oS 
0 

assuming that the functions f(z) and A(x) may be expanded in series 
of Besser’s functions 

Je) = ¢,1,(x) = c,1 ,(w) aie c,1,(7) 

K(«) =a, (x) Ha, Lv) + a,1,(x) +... 
which is the case if these functions are finite and continuous 
from. 0 46 w. 

If now 

pe) = ble) + 0,2 ,(e) + 6,1,(2) +... 

the second member reduces to 


x 
== aya Ly (8) Lp (e—p) dp = 
> u 
=2 EE ayy pope) — Ipa + Apps ee] 

Thus, comparing the two members, we find 

e= 24,5, 

c, = 2a,b,+2a,b, 

c, = 2 (a,—a,) 6, + 2a,b, +24,b, 

c, = 2 (a,—a,) 6, +2 (a,—a,) 6, + 20,6, + 24,6, 

etc. 

which give 
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2b, = —C, 
a, 
Pitan ¢ 
0 ul 
ab f 
a Id, Cy 
| | 
1 |% 0 1 
Ones rl a, C4| 
a, i 
a,—a, a, ¢,| 
a, 0 Ove, 
lia a Oe 
ant 1 0 2 
EE | 
a,‘ 'a,—a, a, ds 
a,—a, @,—a, 4, ¢,| 


etc. 


Therefore g(x) may be written in this form 


ian tl 00 
Id, 0 0| | 
1 | ia, 0| a | lee ee Tees ay 00 
2ple)= —el, + EN Eni Taat a, Of, der Lt 
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a 0 00 
et O0 le 4 
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[La Og Fy 0 | | | 
a,-a, a,-a, a, 0) 
du 0 00, 
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1 ja, a 


aes 
9 |a,-d, 4, a, 0 
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29(«) == (¢,/,+4/,7+41,4+ -> 
a 


1 
*fettadetalt +) 
OA 
a, 0 


(CL, +¢ly test - +) 


eee!) 0 1| 


1 0 0 . 
= aa 0 (eZ, Heel, Hels +) 


1 ay 


a,-a, a,—a, a, 0 


+ ete. 
j(@) ==, dl cl, =F Else 


If now 


we have 


df 
a Hel, HeT, +. 


U 
SE = c,/, zh cl, or oe ) 


thus, according to (5) 


Ae 
Ta Lt Sete zeke frs ed 
and by the same formula 
x 
5 In—\(x—) 
c‚In LE 6,Ln41 a. co Ine a == (n—1) f (8) =. dp. 
0 
Introducing these values we have 
A af F@) 
2y(0) = 2A, Tt AS | gld AND) HPA LHA, 
0 
where 
i, 0 1 
1 1 fae Al | B 
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Remarking that 
nIn(a dn ae 
e— ee 


this result we may write 


 [Zn—1(@—8) 4 Ingi(e—8)] 


I, Fans 


(17) 
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Dy(a) = 2.4, tase Rea ee freee ve wo | 
Heh 
+} if (OE (Ant Apt dole) “| 


When the integral equation 


21,(0) = f WBK (w—8) dB 
0 


is given, we find by (18) 
Pe) = Arie) + AL (x) + AT (a) +... 
Therefore > (Apt Ap) Ze) be expressed in function of w. 
0 
For 


ENA Ee At fon a dp 


and, differentiating again 
d? . 
=4 Ep +A LAL, fr i Das 
das “2— 6 
0 


A,I (a) 5 AF, gres 


thus 


Ale En it d?. 


0 


rd (A, + Are) Ze 


5. We now proceed to give some applications of formula (18). 
First let the integral equation be 


x 


f (2) = |v (BL, (eB) 4B 


0 
then 
TA Oy Erf) 
hence 
ae), A 0, A. =1,. A, =a sf) 
thus 


d x 
dip (o) = 22 + 4 PORT, e+ 22, @—B)] a8 
0 


or 
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which agrees with (2). 
Considering the integral equation 
z 
fo) = [4 @ 1, te—B) a 


0 


the formula (18) is not applicable because a, = 0. In this case and 
assuming a, =— 0, we have 


ap (2) = el gt ee) 


| 
Lg ler Hart) 
I 


a, Ort 


a a, a 0, |) (Gl, i, 
laa a, 0-| 
EE: 
where 
te 


U 


a ye 
I, + gl, += 2 + fre ae dj 


Lot, ls — ee ee 


thus, representing the coefficients by the me B 


2y («) = B, B + ee 


df GPa 


a 


Te 


sea 


299 
or 


a df * 
15 2B, OBB A “ap 
x 0 


24 (2) —4B 


+f a. [(B, + B,)1,(e—B) +2B,1,43B,1,-+. Jag. 
0 
Now putting 


we have 


B,=1 B,=0 B 


0 
thus 


2y (a= a are: of ne 2E 


which agrees with (10). 
Finally let the integral equation to be solved be 


x 


g (8) cos (e—P) dg 


In this case 
Gea AD dE 
thus 
Aen tio it At A Ot A A ae 
and, according to (18) f 
id 
Q4(«) = 244 fatar Erne rele de 
0 


which, by means of the known relation 


T,(#) + 25,(2) +21, (@)+... 


— 


may be written 


2q(#) = 2 + 2 ae 
0 


or 


x 
ple) =1+ ae 
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Geodesy. —- “Comparison of the measuriny bar used in the basè- 
measurement at Stroe with the Dutch Metre No. 27”. By H. G. 
v. bp. SANDE BAKHUYZEN, N. Wr‚….prBoeR and J, W. DrePERINK. 


In the summer of 1918, the Government-Commission for Triangu- 
lation and Levelling measured a base of about 4320 metres, under 
the direction of Prof. H. J. HreuveLINK, on the high road between 
Apeldoorn and Amersfoort, near the Railway-station Stroe. 

The measurements were made with the base-apparatus of the 
“Service géographique de larmée” at Paris, which was lent through 
the courteous help of the Director of that service to the Government 
Commission by the French Government. 

The measuring bar of this apparatus is an H-shaped invar-bar of 
four metres length, provided with two very sharp end lines at the 
extremities, between which three intermediate lines are drawn, which 
divide the measuring bar into four parts, a, 6, c and d, each one 
metre long. 

Previous to the base measurement here, this measuring-bar had 
been compared several times with the metre international at Breteuil ; 
these comparisons had shown, that the length had undergone some 
slow changes, as is often the case with invar-bars; it was therefore 
important to determine the length shortly before and after the base- 
measurement. 

In April 1913 therefore a comparison was made at Breteuil, but 
as the comparator there had to undergo some repairs, the comparison 
could not be repeated in the autumn of 1918: it was therefore 
decided to compare the measuring bar in this country with one of 
the two Duteh platinnm-iridium metres, viz. with No. 27, by means 
of the comparator which had been supplied by messrs. RrPsorp and 
Sons in 1867 with the base-apparatus for the triangulation in the 
East Indies, and which is now mounted in the geodetie buildings in Delft. 

From the experience gained in previous measurements we did not 
consider that sufficient accuracy could be obtained with this compa- 
rator, especially on account of the inferior quality of the microscopes ; 
on this account it was decided to order two new micrometer-micros- 
copes from Zriss (in Jena) which were delivered in the autumn of 
1913, so that in December the comparator was ready for the comparison. 

We are very much indebted to Prof. Hevuveninx, who arranged 
everything for the measurements and placed a room in the geodetic 
buildings, and an instrument-maker at our disposal for some weeks ; 
and further to the “Commission for the preservation of the stan- 
dards”, who allowed us the use of metre 27. 
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1. Arrangement of the comparator. 

A complete description of the comparator can be found in Dr. J. 
A. C. Ouprmans, “Die Triangulation von Java, erste Abteiling” ; we 
may therefore confine ourselves here to a short account of the 
arrangement. 

A wooden case over four metres long inside, contains a long iron 
carrier, which can be moved upon rails from one side of the case to the 
other, at right angles to the length. Upon this carrier the measuring 
bar and the metre with which it is to be compared, are placed 
parallel to each other, while the metre with the box in which it 
is placed can be moved along the carrier in the direction of its 
length, and can so in turn be placed opposite to each of the four 
parts a, 6, c‚ and d of the measuring rod. 

The wooden case is further provided with a strong iron frame 
to which the micrometer-microscopes are attached at a distance of 
exactly a metre and which can be moved upon rails, independently 
of the carrier, above the measuring bar and the metre. 

The first thing to do is to place the metre opposite the first part 
of the measuring bar, parallel to and at the same height as the 
bar, and to push the carrier upon which they both lie as far as 
possible sideways across the case, until it touches a pair of correc- 
tion screws. If everything is properly arranged, the microscope 
frame upon its rails ean then be placed so, that the two microscopes 
are just above the end lines of the metre, or the part a of the 
measuring bar. If the carrier is then moved to the other side of 
the case, where it similarly touches two screws, the microscopes 
will be directed just above the end lines of part a or of the metre. 

By focussing with the micrometers accurately upon the end lines 
of the metre and of part a in both these positions, it is easy to 
find the difference in length between them, expressed in micro- 
meter-divisions. By subsequently placing the metre successively opposite 
to the portions 0, c, and .d of the measuring bar, and making the 
same observations, the data are procured, by which the length ot 
the measuring bar can he determined in metres. 

In order to be certain that in the successive measurements of 
portions a, 6, c, and d the microscopes were each time directed 
upon the same points of the division lines, small brass plates 
provided with a point in the middle were fixed on the middle of the 
bar near the division lines, in this way fixing a line along the middle 
of the measuring bar. The correction screws at the sides of the case, 
(against which the carrier moves up in ils sideways movements) 
were so adjusted, that these points came exactly under the fixed 
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horizontal wires in the two microscopes. As care was taken, that 
-the moveable micrometer wires were parallel to the division lines, an 
influence of a small deviation of the point upon which the micros- 
copes are directed need not be feared. 


2. Microscopes. At our request the microscopes were so con- 
structed, that on the obiective-side the course of the rays is tele- 
centric ; they have a 30-fold magnification, and the illumination of 
the division lines is not sideways but central, by means of a prism 
with total reflection, which is placed behind the objective in the 
tube of the microscope, and occupies half of the field. The light 
from a small electric lamp falls through an opening in the tube of 
the microscope upon the dull face of the prism, is then reflected by 
the prism vertically downwards through the objective, falls upon the 
reflecting surface of the metre or the measuring bar, and is thus 
reflected vertically back into the microscope. With an electric lamp 
of a few candles the illumination was excellent, and the division 
lines were seen as very fine black lines. 

3. Temperature. The exact determination of the temperatures of 
the metre and the measuring bar is a matter of great importance. 
In order to make the changes of temperature as small as possible 
we endeavoured, in the first place, to keep the temperature of the 
room as constant as possible. For this purpose the windows were 
covered with thick curtains, and the central heating was shut off. As 
only a small amount of heat was conveyed through the floor and 
walls, the temperature did not change much, and only rose a little 
from the presence of the observers, and the burning of a few gas lamps. 

All the metal parts of the comparator were shut off from the 
outside air by wood and other badly conducting material, outside 
which only the eye-pieces of the microscopes protruded ; the measur- 
ing bar was moreover entirely enclosed in a thick aluminium case 
and the metre in a brass box, in which there were only small 
openings for the reading of the division lines and the thermometers. 
The protection of the metre from the radiating heat was less effective 
than that of the measuring rod, so that in half of the measurements, 
during which the observer was on the side of the comparator nearest 
to the metre, it was found advisable to cover the outside wall of 
the comparator with a layer of badiy conducting material, which 
gave a greater constancy of temperature. 

For the determination of the temperature of the metre and mea- 
suring bar, upon the horizontal faces on which the division lines are 
drawn a thermometer A was laid upon the metre, and on the measur- 
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ing bar two thermometers B and C, the last two about a metre from 
each extremity. Moreover there were placed in the comparator case 
a registering thermometer D, two thermometers £ and £” upon the 
outside of the aluminium case about above the thermometers B and C, 
and two thermometers G and H at the two extremities of the comparator, 
which were read through glass-covered openings in the end-walls. 

On the whole the temperature readings were of such a nature, 
that there is every reason to believe that the readings of the thermo- 
meters A, B and C may be taken as the temperatures of the metre 
and the measuring bar. 


4. Programme of the measurements. It was arranged, that the 
measurements should be made by the two engineers of the Govern- 
ment Commission for triangulation and levelling, A. WiLpreBorr and 
J. W. Dreprrink, and a member of the commission, H. G. v. D. SANDE 
BAKHUYzEN. Each of these made a complete series of measurements. 
Mr. WirprBorr and Mr. Dieperink arranged everything beforehand, 
so that (1) metre and measuring bar were parallel to each other 
and at the same level, (2) the micrometer wires were parallel to the 
division lines and showed no parallax with regard to the division 
lines, (3) in the extreme positions of the carrier the division lines of 
the metre and of the measuring bar appeared in the correct position 
in the field of the microscopes. In the adjustment of the level of 
metre and bar, so that no parallax could be detected of the micro- 
meter-wires with respect to the division-lines, the adjustment of one 
of the observers was always checked by a second or third. 

When the carrier had been placed in one of the extreme positions 
and the microscopes were therefore directed upon the end lines, say 
of the metre, the observer placed the micrometerwires of the left- 
hand microscope twice in succession upon the line, then took four 
readings with the right-hand microscope, and finally two with the 
left-hand one. In the middle of these eight readings the thermo- 
meter on the metre was read. The carrier was now brought into 
the other extreme position, so that portion a of the measuring bar 
came under the microscope. In the same way as for the metre, 8 
readings were taken with the microscopes, and readings of the 
thermometers. The observer then returned to the metre, and in the 
same way took seven sets of observations in succession, alternately 
upon the metre and the selected portion of the measuring-bar, each 
consisting of 8 readings. 

A series of observations of this kind, which lasted about a quarter 
of an hour, we shall henceforth call an observation-series. 
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Bach of the three observers made two of these observation-series 
in succession. 

After these six series, the metre was turned round in its case, so 
that the mark which first showed on the left hand side now lay 
on the right hand side; and in the same way as at the beginning 
of the measurements, the position of the metre with regard to the 
measuring bar and the microscopes was then properly regulated. As 
the comparator case had to be opened for this, there was a disturb- 
ance in the equilibrium of the temperature. An hour or 1'/, was 
therefore allowed to pass before fresh measurements were begun. 
As in the first position, each of the three observers then took two 
series of observations in this second position. 

For the determination of the temperature in the comparator, at 
the beginning and at the end of the 6 series with the same position 
of the metre, the thermometers 7, /, G, and H were read. These 
readings served only to ascertain, whether disturbances of tempera- 
ture had occurred in the comparator. In none of the series which were 
used for the determination of the length of the measuring bar was 
this the case; there was therefore no further use made of the 
readings of the thermometers £, F, G, and H, any more than of 
the records of the registering thermometer. 

As in the computation of the results the differences of the readings 
of the right-hand and left-hand microscopes are used, the influence 
of a personal error of adjustment will disappear from the results, 
if both end lines, the micrometer wires and the optic images in the 
two microscopes are exactly alike. This complete equality however 
does not exist. The lines are, as far as can be seen, all equally fine 
and faultless, but the distance of the micrometer wires is smaller 
in the one microscope than in the other, so that the appearance of 
the line, when it is placed between the two micrometer wires, is 
different in the two microscopes. In order to eliminate the personal 
error arising from this, the observations would have to be repeated 
after exchanging the microscopes, or else with the microscopes in 
the same position, but the observer standing the second time on the 
other side of the comparator, so that the microscope which was first 
on his right hand, is now on his left. 

The latter method is simpler than the former, and had the further 
advantage (over the changing of the microscopes) that the observer, 
who first stood nearest to the measuring bar, is now nearest to the 
metre, and an irregular influence of the heat radiated by the observer 
will thus be also, at least partially, eliminated. 

On these grounds the observers, after they had compared each of 
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the 4 portions of the measuring bar with the metre, while standing 
on one side of the comparator, repeated the observations standing 
on the other side. 

To distinguish the observation-series from each other, we shall 
call those which were made while the observers were in their original 
position with respect to the comparator, A, those in which they were 
on the other side, B, the series in which the mark on the metre 
lay to the right of the observer 7, that in which it was on the 
left 2 while the first of two identical series we shall call 1 and _ 
the second 2. For each portion of the measuring bar each observer 
therefore took 8 series of observations Ar,, Ar,, Al,, Al,, Br,, Br,, 
Bl, Bl,. Care was taken, that when the first series was begun 
with the metre, the second identical series should begin with the 
measuring bar. 


5. Runs and errors of the micrometer screws. For the purpose 
of determining any possible changes in the runs of the micrometer 
screws, the length of the millimetre divided into 10 marked on the 
measuring bar near the end lines was measured every day before 
and after the measurements, with both of the microscopes. From 
the results it appeared, that the value of the run, which was approxi- 
mately 200 micromillimetres, did not change perceptibly. As, however, 
it was not certain, that the millimetres on the measuring bar were 
of exactly the correct length, the absolute value of the run was 
afterwards determined by measuring out a distance of 1 centimetre 
divided into millimetres on a measuring rod of nickel-steel belonging 
to the Observatory in Leiden, supplied by the Société Genevoise, 
the errors of division of which had been accurately determined in 
Breteuil. For all the measurements the same value of the run is 
assumed, viz. 198.69 micromillimetres for the microscope marked I 
and 199.82 micromillimetres for the unmarked microscope. 

Moreover the periodic errors of the micrometer screws were 
determined in the observatory at Leiden, by measuring distances 
equal to a half and a third of a turn. The continuous errors were 
determined by measuring a larger distance, with portions of the screw 
situated symmetrically with respect to the zero. 

For micrometer | the correction formula of the readings in parts of 
the divided head, was found to be: 0.18 Sin (w + 17°); the influence 
of the term dependent on the double of the reading was imperceptible. 

In the unmarked microscope no periodic errors could be detected 
by the observations. 

The continuous errors were imperceptible in both microscopes. 
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6. Reduction of the observations and results obtained. The micro- 
meter readings are all reduced with the above mentioned values 
for the run of the screws in micromms and for the periodic errors 
in micrometer I. 

The errors of thermometer 4570 belonging to the Dutch platinum- 
iridium metres, which was used for the temperature-determinations 
of metre No. 27, were determined by comparison with two thermo- 
meters standardized at Breteuil, and by separate determinations of 
the freezing point. It appeared, that between O° and 30° the ther- 
mometer is free from errors, except the error of the freezing point, 
which was —0.48°. The determinations were made by Mr. H. C. 
Vorkers, lecturer at the Technical University at Delft. 

For the thermometers 15355 and 15356 belonging to the invar- 
bar both the errors of division and the correction for the zero are 
negligible. 

In the reduction of the length of the metre and the measuring- 
bar the following coefficients of expansion were used. For the metre 
the value communicated by Bosscua in his paper: “Relation des 
expériences qui ont servi a la construction de deux metres étalons en 
platine iridié, compares directement avec le metre des archives” and 
which from 0° to t° gives an expansion for the metre in micromms 
of: 


8.4327 t + 0.00401 2’. 


For the measuring bar, the determination made at Breteuil was 

used, which gives for the expansion per metre in micromms; 
1,6245 ¢ + 0.001065 7. 

After the introduction of these reductions, the three observers 
obtained the following results for the lengths of the 4 portions of 
the measuring-bar, each about a metre in length, diminished by the 
length of N°. 27 both at the temperature of zero. These results 
are the mean of the observations of one series. 


Portion O—1. 
WILDEBOER DIEPERINK BAKHUYZEN 


Position A Position B Position A Position B Position A Position B 


1, —29.70 — 2743 —28.65 —27.39 —27.93 — 26.40 
jn 28.25 27.84 28.28 27.19 28.60 27.13 
ce 29.25 28.39 28.85 27.94 29.89 27.96 


29.01 28.95 28.89 28.23 29.49 27.91 


~ 
> 
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Portion 1—2. 


WILDEBOER DIEPERINK BAKHUYZEN 
Position A Position B Position A Position B Position A Position B 
l —99.381 — 95.46 —_ 98.59 — 96.73 —97.96 —96.10 
Ë 99.61 95.28 98.64 96.02 97,65 96.22 
Fr 98.82 A 97.95 96.99 97.30 45:09 
rs 99:96 95.18 98.50 96.77 97.69 94.94 


Portion 2—3. 
WILDEBOER DIePERINK BAKHUYZEN 
Position A Position 6 Position 4 Position B Position A Position B 
i — 122.76 —122.00 —122.70 —123.64 —123.52 —122.95 


‘a 122.25 122.22 122.26 123.00 422.39 123.03 
st 122.72 121.72 ADT TG 121.04 122.85 123.35 
v, 122.00 1421.46 120.75 122.24 121.96 122.83 


Portion 3—4. 
WILDEBOER DIEPERINK BAKHUYZEN 
Position A Position B Position A Position B Position A Position 5 
lL — 14449 —-143.48 —143.28 —143.45 —144.09 —143.22 
L, 144.55 143.58 143.96 143.37 143.93 143.28 
as 144.91 144.00 144.09 143.69 145.10 144.57 
as 143.70 144.08 143.98 143.65 144.44 143.48 


In order to eliminate the effect of personal errors the means 
were now formed from the observation-series A and B, those 
two series being combined in which the metre was in the same 
absolute position in space, not relatively to the observer, i.e. Ad, 
with Br,, Al, with Br,, Ar, with Bl, and Ar, with Bf. In this 
manner the following results were obtained: 


WILDEBOER. 
Portion 0O—1 _ Portion 1—2. Portion 2——3 Portion’ 3-2 


—29.04 — 97.32 —_ 122.24 — 144.20 
28.60 97.39 121.85 144.31 
28.34 97.14 122.36 144.19 
28.42 97.62 122.11 143.64 


Mean 28.60 97.37 122.14 144.08 
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DIEPERINK. 

Portion O—1 Portion 1—2 Portion 2—3 Portion 3—4 

— 28.29 — 97.79 —_ 121.87 — 143.48 

28.25 97.70 122.25 143.80 

28.12 97.34 122.41 143.77 

28.04 97.26 121.87 143.67 

Mean 28.18 fs ee 122,10 143.68 
BAKHUYZEN. 

Portion 0O—1 Portion 1—2 Portion 2—3 Portion 3—4 

—27.94 — 96.82 —123.43 —144.33 

28.25 96.29 122.61 143.70 

28.14 96.70 122.90 144.16 

28.29 97.45 122.49 143.86 

Mean 28.16 96.82 122.86 144.01 


If the sum is taken of the lengths of the 4 portions of the 
measuring-bar, we get for the length of the whole measuring bar at 0°: 


Measuring bar = 4 Metre 97—392.19 WILDEBOER 
Ns » == 4 Xx Metre 27—391.48 DIEPERINK 
‚8 » =4 XxX Metre 27 —391.85 BAKHUYZEN 


Mean for the three observers: 
Measuring bar = 4 Xx Metre 27—391’.84. 


7. Mean errors. The errors in a series of observations are caused 
by the pointing- and reading errors of the microscopes, the change 
in the distance of the microscopes, erroneous determinations of 
temperature and personal errors of observation. 

Owing to the excellent optical qualities of the microscopes and 
the fine sharp end lines, the errors in the reading and pointing of 
the microscopes are small. From the observations for the determination 
of the periodic screw-errors we found for the mean reading-error, 
from the mean of two observers, + 0#,32: this error leads to a 
mean error of + 0,17 in one series of observations. 

The influence of other sources of error are difficult to determine 
separately. We shall therefore try to calculate their combined effect, 
in different ways, in order to find out, what systematic errors are 
to be feared, and how the series of observations are to be combined 
in order to obtain a result in which the effect of the systematic 
errors will be as far as possible eliminated. 
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In the first place it was investigated, whether there was a systematic 
difference in the results of a series of observations according to 
whether the microscope was pointed 8 times on the metre and 
4 times on the measuring-bar, or 4 times on the metre and 3 times 
on the measuring-bar. For this purpose the mean was first formed 
of corresponding series in the positions A and B, in which the 
number of times that the microscope was pointed on the metre and 
therefore also on the measuring bar, was the same. According to 
these averages the mean error of observation in micromms was: 


WILDEBOER DIBPERINK BAKHUYZEN Mean 
S74 0.366 0.509 0.420 (I) 


After this the average was forined of corresponding series in 
A and ZB in which the number of times pointed on the metre and 
on the measuring bar was unequal; according to these averages the 
mean error of observation for a series was: 


WILDEBOER DIEPERINK BAKHUYZEN Mean 
0.496 Oa 0.440 0.428 (II) 


From the agreement of the two means we may infer that there 
is no systematic difference in the series with 3 or with 4 pointings 
on the metre or measuring bar. 

It was next investigated, if there was a systematic difference in 
the results of series in which the metre was in a different position 
relatively to the observer, ie. in the results of the series / and r. 

This was done in two ways. 

1. The differences were found of the corresponding series in 
which the observer and the metre were in the same position in 
which differences the systematic error referred to plays no part. The 
mean error for a series m deduced from this is: 


WILDEBOER DIEPERINK BAKHUYZEN Mean 
0.450 0.346 0.492 0.434 . (IIT) 

After this the mean was formed of all the corresponding values 
found with the same position of the observer, in position / as well 
as position 7 of the metre. 

The deviations of all these values from their mean, in which the 
influence of the systematic error is present give the following values 
for the mean error of a series. 

WILDEBOER DrePERINK BAKHUYZEN Mean 
0.454 0.594 0.636 0.564 (IV) 

2. The means were found of an observation-series in position 

A and in a corresponding series in position B, in which the metre 
21 
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was in the reversed position relatively to the observer, i.e. 7 and /. 
In these averages the systematic error is thus eliminated. In this 
way the mean error of one series was found to be 


WILDEBOER DIFPERINK BAKHUYZEN Mean 
0.370 0.296 0.507 0.401 . (V) 


If on the other hand a series in position A was combined with 
one in B, in which the metre was in the same position with regard 
to the observer, so that the systematic error was not eliminated in 
the mean, the mean error was found to be: 


WILDEBOER DIEPERINK BAKHUYZEN Mean 
0.424 0.755 0.768 0.666 . (VI) 


Soth the double sets of mean errors (III) and (IV), and (V) and 
(VI) show clearly, that there is a systematic difference in the results 
of the series 7 and /, or with different positions of the metre relatively 
to the observer. In order to remove the error, therefore, the mean 
of two corresponding series of observations must always be taken, 
in which the metre is in different positions with regard to the 
observer. 

We further computed the mean error from all the series of ob- 
servations for the same portion of the measuring-bar, without regard 
to the position of the metre or of the observer, in which therefore 
the influence is present both of the position of the metre and of 
the observer. First the mean errors were computed for each observer 
separately. This gave 


WILDEBOER DILPERINK BAKHUYZEN Mean 
15222 0.805 0.955 1.009 , (VII) 


Finaliy the results of the series for the same portion of the 
measuring bar in all positions of the metre and of the observer for 
all three observers were averaged, and the mean error determined 
from the deviations of each of the results, which must therefore 
contain (1) the influence of the position of the metre (2) the influence 
of the position of the observer, (3) any other possible influence of 
the observer. The mean error was then found to be: 

M002 SS. de 

The difference of the mean errors (VII) and (IV) shows, that the 
position of the observer has a marked influence, on the other hand 
the agreement of the mean errors (VIT) and (VIII) shows, that there 
does not appear to be an influence due to the observer other than 
that which depends upon the position of the metre and observer. 

We may further conclude from the values found, that if the two 
systematic errors mentioned are eliminated, the mean error of a 
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series of observations is the mean of the values: 0.420 (1, 0.428 dD, 
0.434 (III) and 0.401 (V) therefore: 
mr t= 04421 

As the measurement of each portion of the measuring bar was 
obtained for each observer by taking the mean of 8 series of obser- 
vations, the mean ‘error in the length of each portion measured by 
one observer is: 

02.421 
ES TE (149, 
Vs 
and as the whole measuring-bar consists of four portions, the mean 
error in the length of the bar for each observer is 
+ 04149 WA = + 04.298. 

If the value of this mean error is formed by comparing with each 
other the lengths of the measuring-bar according to each of the three 
observers, we obtain: 

+ 07.355. 

From the agreement of the last two values we may conclude, 
that in the results obtained the influence of the observer and of the 
position of the metre and the measnring-bar is eliminated, and that 
therefore, beyond the influence of the temperature determination and 
errors in the coefficient of expansion, the mean error in the length 
of the whole measuring-bar expressed in the length of metre 27, 
determined by one observer, is equal to 


= 07.50. 
and is therefore for the mean of the three observers: 
0.36 
a= = + 04,205. 
3 
Geodesy. — “Comparison of the Dutch platinum-iridium Metre 


No. 27 with the international Metre M, as derived from the 
measurements by the Dutch Metre-Commission in 1879 and 
1880, and a preliminary determination of the length of the 
measuring-bar of the French hasz-apparatus in international 
Metres.” By Prof. H. G. van pr SANDE BAKHUYZEN. 


The main object of the measurements made by the Dutch Metre- 
Commission (BosscHa, Oupumars and STAMKART) at Paris in 1879 
and 1880 was an accurate comparison of the two Dutch metres 
19 and 27 with the Métre des Archives, the various papers published 
by Bosscna on the subject show, how very well this object was 
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attained. As we shall have to refer to these papers mote than oncê 
we shall quote by volume and page from ‘“Bosscua’s Verspreide 
geschriften” (B.’s collected papers) published in three volumes. 

The importance of a comparison of the Dutch metres with the 
International platinum-iridium metre kept in Paris was, however, not 
lost sight of by the Commission. It was probably by their request, 
that in the protocol drawn up of the handing over of the two 
metres by the French Section of the international Metre-Commission 
to the Dutch delegates Bosscoa and OvupDEMANs it was specially stated : 
Cette remise est faite sous la reserve du droit qu’aura le Gouver- 
nement des Pays Bas de faire effectuer les comparaisons entre ces 
metres et le prototype du Bureau international des poids et mesures 
pour la determination de leurs equations a VPégard de ce metre. 

However, not only did the Dutch Commission leave open the 
possibility of obtaining a direct comparison with the international 
metre later on, but also by making determinations at Paris of the 
differences between the Dutch metres and metres which are in their 
turn connected to the International metre, they took care, that the 
relation between the lengths of our metres and the International 
metre can be calculated. 

Although all the observations which are required for these calcu- 
lations are fully communicated in Bosscna’s papers and only very 
simple calculations are sufficient to obtain the relation in question, 
the results have not been published either by BosscHa himself or 
as far as I know by anybody else; and as they are needed in order 
to express the length of our base-line in international metres, I shall 
here shortly communicate them. 

The relation to the International metre is obtained not only through 
the metre des Archives A (see further down), but also through the 
two Metres /, and 20, both of the second alloy of Marrury, of 
which Jf is also made; in addition use is made of the two metres 
23 and 27 both of the first alloy (metal du conservatoire). 

For the reduetion of the difference of length of 23 and J, the 
difference of the coefficients of expansion of these two metres is 
required, and I shall therefore try to derive its most probable value 
from the results communicated by BosscHa. 

In the first place we may conclude from BosscHa’s calculations, 
that the metres of the second alloy have all got the same coefficient 
of expansion (Vol. III, p. 74—76). The equality of the coefficients 
of expansion of the metres 1, 3, 12, and 13 of the first alloy is 
also demonstrated (Vol. III p. 77). According to Fizeau’s measure- 
ments the coefficients of expansion of the metres 19, 27, and 23 of 


the first alloy would also have very approximately the same value 
Bevo. Ip. 314), whereas according to the measurements of the 
Dutch Commission the difference in expansion of the metres 19 and 
23 is too small to be observable. (Vol. II, p. 314, 315). This is 
not quite in accordance with Fizrau’s results (Vol. LU, p. 323) obtained 
at 12°, 42°, and 62°, as these give for 19 and 27 somewhat different 
values. But if the quadratic term is taken into account, the coeffi- 
cients of expansion at 40°, the mean temperature used by Fizeav 
in his measurements, would be according to his formulae 8”.74 for 
19, and 8.75 for 27, so that in connection with the equality men- 
tioned above of the expansion of the 4 first-named metres of the 
“métal du conservatoire’ and the equality of the expansion of 19 
and 23 found by the Dutch Commission it may be inferred, that all 
the metres of the first alloy have also the same coefficient of expansion. 

The next question is, what the difference is between the coefficients 
of expansion of the first and second alloy. 

According to measurements by Benorr and GuiLLaume with Metre 
6 of the 2nd alloy the mean expansion between O and 20° per 
degree and per metre is 87.617; according to measurements by 
Fizrav the mean of the same expansion for metres 19 and 27 of 
the first alloy is 87.537, i. e. a difference of 0.”08. It is necessary, 
however, to observe, that the two values were obtained by altogether 
different methods, that of Benorr and GuiLLaums by ordinary measure- 
ments of length at different temperatures, that of Fizeau by his 
well-known interference-method. 

Against these we have the determinations of the differences in 
expansion of metre 6 of the Jud and of metres 1, 3, 12, and 13 of 
the 4st alloy (Vol. HI p. 77) all from ordinary measurements of 
length at different temperatures. As the result of these 07.02 is 
obtained as the average of the differences. 

Taking into account, that, where the methods of observation differ, 
systematic errors in the differences are possible, it seems to me 
probable, that the latter result is the more trustworthy. 

In the reduction of the Dutch metre 27 to the International metre 
the difference in length of metres 23 and 27 also plays a part. 
For this difference two values have been determined; in 1879 the 
Dutch Commission found 27 —23 — 02.92 + 07.031 (Vol. II, p. 297) 
and in 1880 the same commission found 27 — 23 = 07.41 + 07.073 
(Vol. If p. 334). Of the latter value no further use has been made 
by BosscHa; it seems to me, however, that it is preferable to use 
the mean of the two results, taking into account the respective 
weights. In that case the result is 
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97 — 23 — 0#.84. 


Reduction by means of I,. From several series of observations at - 
a mean temperature of 16°.44, Trrsca found (Vol. II, p. 14) 
23 = 1, + 17.24. 
Adding 0.02 < 16.44 = 07.33 for the reduction to 0° the equation 
becomes 


23 = I, + 1.57, 


further 27 — 23 + 07.84 (see above) 
and I, = M+ 5494 (Vole I, p- 210), 
so that 27 — M+ 8+.35. 


Reduction by means of 20. From three series of measurements 
one by Bosscra and two by Trusca, follows : 


23 — 20 + 7.19 (Vol. Ill, p. 24), 


further 27 = 23 + 0.84 (see above) 
and 20 = M +096 (Vol. HI, p. 70), 
so that 27 = M + 8#.99. 


The mean of the two reductions is 27 = M + 8.67. 

If the 5 above mentioned different equations containing 4 unknown 
quantities, are taken as all equally accurate and if they are then 
solved by the method of least squares, obviously the same value 
for 27— M is found, while the mean error of each of the equations 
is + 0.32, that of 27 — M=— 8.67 being + 0.45. 


A value for 27 — M is also arrived at by using the comparisons 
with the “Metre des Archives” A, viz. 
e= Ase bend (Vok LL, ps 323), 
A= M+ 2.63 (Vol. III, p. 24, 70,, 
Hence 27 —= M + 87.74. 

This result agrees very closely with the value found above. But, 
as it is largely based on the comparisons which have also served 
for calculating the previous result, no particular importance can be 
attached to the accordance. Considering the value of the mean 
error + 0*.45 a direct comparison of 27 and J/ would certainly 
seem to be desirable. 

If the length of the measuring bar of the French base-apparatus 
in terms of metre 27, as given in the previous note, is now expres- 
sed in International metres by means of the equation 27 = M + 87.67 
the result is: 
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L =d M— 391".84+ 4 8".67 = 4 M — 3577.16. 

The value of £ had been determined several times before at the 
“Bureau international des poids et mesures” at Breteuil; on these 
occasions the following values were obtained, leaving out the some- 
what uncertain correction for the “change in the molecular equilibrium”. 


1903 March 4 M—277".6 Breteuil 
1904 June —373 .5 3 
1907 February 2868 7) tM 
1909 February — 356 .8 ‘3 
1909 December —358 .4 . 
1910 December —357 .2 is 
1911 June —355 .3 ie 
1911 Sept.-October =O ks 
1913 April —348 .7 4 
1913-14 Dec.-January —357 .2 Delft. 


It appears from these numbers that during the first years up to 
1909 the bar increased in length. From that year onwards the length 
seems to have remained practically unchanged; only in April 1918 
a further very marked increase in length shows itself, of which, 
however, no trace is found in the measurement made by us. In 
view of this contradiction a new determination at Breteuil of the 
length of the measuring-bar is desirable; col. LiALLeMAND, chief of 
the geodetic department of the Service géographique de l’armée, and 
Monsieur Bernorr, Director of the Bureau international des poids et 
mesures at Breteuil, have both promised to undertake this comparison 
shortly. 


Postscript. A few weeks after the meeting of our Academy 
I received from Monsieur benorr a letter in which he communicated 
the results of an elaborate investigation concerning the length of the bar 
of the French base apparatus. He and Monsieur Mauper compared 
in the Bureau at Breteuil first that bar and three other ones each 
with the prototype and afterwards the four bars with one another. 
Benorr found as final result for the length of the French bar, with- 
out correction for the change in the molecwar equilibrium: 

L, = + M— 3487.28 , 
almost exactly the same value as that found in April 1913. 

On the average the length determined at Breteuil is therefore 8”.7 
greater than that determined at Delft. 

In order to find what may be the causes of that difference I 
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used the formula by which the length of the bar at zero is derived 
from the measurements. 

During the measurements at Breteuil the temperatures of the bar were, 
according to BrNorr’s statements, not very different from 15°. I have 
not here at my disposal the data of the exact values of the tem- 
peratures during the measurements at Delft, but I know that they 
presented no great deviations and, if I am not mistaken, the extreme 
differences from the mean, about 15°, were not greater than about 
two degrees. We can therefore combine the observations at Breteuil, 
and also those made at Delft each into a mean result, at a mean 
temperature, and we then obtain the following equation, in which 
the letters without a dash indicate the values determined at Breteuil, 
those with a dash the values determined at Delft: 

Lp=L tel, TZ, HARS , Url, Hel TA HABEHS', 

L,—L,=—eL, Tt+adL, T+ 4, —l,') + UBB) + S—S. 

In these formulae Z is the length of the bar, 7’ its mean tem- 
perature during the measurements, « the adopted coéfficient of expansion 
of the bar, / the length of the comparison metre, ¢ its mean tem- 
perature, 8 the mean expansion of the metre for 1°, S the difference 
of the length of the bar and the fourfold of the length of the com- 
parison metre, determined by means of micrometrical measurements 
witb the microscopes; 7’ and o, as indices of L and / indicate the 
temperatures to which these lengths have been reduced. 

The differences of the temperatures 7— 7” = AT and t—?t = At, 
and also the differences in the adopted coefficients of expansion 
8—-8'= AB are small, and for the value of the coefficient of ex- 
pansion « and a’ the same value has been adopted in Breteuil and 
in Delft; the last of the three equations may therefore be put 
approximately into the following form: 

L,—L, =AL=—aLAT+ 4Al+ 48At-+ HAB HSS. 

When AT, At, Al, A3 and S—S’ have their exact values, AL 
is zero; the value 8*.7 for AL found from the observations is there- 
fore only a funetion of the errors in those values, and putting on 
the first side of the formula AZ = 8/.7 the quantities on the second 
side represent those errors. We will consider each of the terms 
separately. 

1. «LAT. T and 7” have been determined in the same manner 
by readings of the thermometers laid on the surface of the measur- 
ing bar within the thick aluminium case; the temperatures in both 
comparators were fairly constant, and the value of a is small; aL 
for O°.1 is about 0.7. In view of the great value of AL, we may 
therefore neglect that term, 


2. S-—S’. Taking into account the precision of the micro- 
metrical measurements and the small influence of the systematic errors 
in the measurements made at Delft, as appears from the values of the 
mean errors, that term may also be neglected in trying to explain 
the great value of AZ. 

3. 48Af. 43 is about 34” and At is the difference in the errors 
of the mean temperatures of the metre, determined at Breteuil and 
at Delft. When we assume, that in the perfectly constructed 
comparator at Breteuil the error in the mean temperature of the 
metre was zero, the effect of an error of 0°,1 in the mean tempe- 
rature of the metre at Delft on its length is 34,4, and in order to 
gel a positive value of AL the temperature of the thermometer 
laid on the surface of the metre must be lower than the tempe- 
rature of the metre itself. 

During the measurements the temperature of the metre was slowly 
rising, it is therefore improbable, that the temperature of the thermo- 
meter should be systematically lower than that of the metre, and it 
is difficult to explain the positive value of AZ, either totally or fur 
the greater part by an error in At. 

4. 44/. I cannot say, what is the real value of A/, the error 
of the difference I adopted between the length of metre N°. 27 and the 
International metre. The mean error of the adopted value of 4A/ 
is +1#8. It is therefore possible that a part of the AL may be 
accounted for by an error in the adopted difference, but it is 
improbable, that it should explain the whole value, 8*.7 of AZ. 

5. 4t48. We can determine a fairly probable value of that 
term. According to a telegram from Monsieur Brnort, the mean expan- 
sion for 1° between O° and 15°, used in the reduction of the 
measurements of the prototype, made of the second alloy, is 8’,662, the 
mean expansion per degree between the same limits adopted in my 
reductions of the length of N°. 27 made of the first alloy is 87,493 ; 
the difference between the two is 0#,169. As a result of direct 
comparisons, the mean difference of the expansion of the metres of 
the first and second alloy is 0”,02, as I stated above. 

If we assume, that the coefficients of expansion of the metres 
of the second alloy are really equal and that it is the same with 
the metres of the first alloy, which assumption after the researches 
of Bosscna is very probable, the error 43 would be equal to 0.169 
==(.02— Oc DIMAS tis about 15°, the. term WAS is 9 almost 
equal to the value 8”,7 found for AL. 

Although I do not pretend, that the assumptions made in order 
to explain the difference between the results obtained in Breteuil 
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and Delft are absolutely certain, still I believe that the probability 
is not small, that the difference between the assumed and the real 
coefficients of expansion of the prototype at Breteuil and the 
metre N°. 27, is for the greater part the cause of the value of 
AL. It remains absolutely uncertain, what the real coefficients of 
expansion of the metres are and also whether the coefficient of N°. 27, 
determined after Fiznavu’s method, merits greater or less confidence 
than that of the prototype deduced, as 1 believe, from direct measure- 
ments at different temperatures. But whatever it may be, it is of great 
importance, and it is in my opinion the chief result which may 
be deduced from my discussion, that when a direct comparison 
of the metre N°. 27 and the international metre shall be made, 
according to the right given to our government, it will not be confined 
to a comparison at a mean temperature, but that if possible, the 
absolute coefficient of expansion of our metre, and certainly the 
difference in expansion of N°. 27 and the prototype will also be 
determined. 
Lenk (Switzerland). 


Physiology. — “On the formation of antibodies after injection of 
sensitized antigens.” II. By Dr. L. K. Worrr. (Communicated 
by Prof. C. Eyxkman.) 


]. As a continuation to my series of experiments given in the first 
communication, I have examined the immunisation power of a mixture 
of erythrocytes and specific serum witn a surplus of amboceptor. 

It is generally stated in literature that this power is very slight or 
that it does not exist at all; in my two series of experiments I have also 
found very little or no formation of amboceptor. I shall communi- 
cate one of the series. 

Horsecorpuscles — specific rabbitserum */,,, strong. 

Binding power of 1 e.em. 5°/, blood + 7 doses. 

Mixture of 40 ccm. serum and 20 e.em. undiluted blood i. e. 
20 doses amboceptor, so a great surplus. 

Rabbit 149, 73 and 76 each get 20¢.cm. of the mixture intraperitoneal. 
179 vand 71> ke 6'/, ,, undiluted blood only x 


3) 


Titre after 1 day after 7 days after 12 days 
149 ee weak < pha <t Ave 
73 ‘/s0 ‘Jo weak 1, weak 
76 Vike /,, weak en 
179 = Ten as 
70 A S/E He 


71 Es | 1/4. weak. 
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So with the rabbit 149 and 73 we do not find a trace of active 
immunisation, only of passive; rabbit 76 after 12 days shows a 
small (active) increase of titre. The controlling rabbits however have 
distinctly formed amboceptor. 

The second experiment with cattle corpuscles had a perfectly 
analogous course. With these experiments we cannot inject intra- 
venously; the animals which are intravenously injected with such a 
great quantity of serum and corpuscles die of anaphylaxis. 

II. I have now put to myself the question what happens with 
the sensitized corpuscles after the injection into the rabbit or cavia. 

Therefore I have for the time being confined myself to the sub- 
cutaneous resp. subconjunctive injection; the intravenous one is very 
difficult to follow, the progress of the peritoneal one it mostly known ; 
besides the subcutaneous is the only one that is to be considered 
with regard to man. I expected that in keeping with what happens 
in the peritoneum, viz. a solution of the sensitized red corpuscles 
in a short time, the corpuscles would also dissolve in the subcuta- 
neous tissue. I have taken the conjunctiva as the spot where to 
inject: there the phenomena are to be controlled better than any- 
where else, and one can easily cut out little pieces for microscopic 
examination. 

Well then: if we inject foreign corpuscles under the conjunctiva 
they are generally gone after one, and certainly so after two days. 

As they have no movement of their own, we must assume them 
to be led away along the lymphpaths — a leading away by phago- 
cytes in such a short time is not to be assumed. It is however 
different if sensitized corpuscles are injected; these remain on the 
spot; they do not dissolve in any quantity worth mentioning, and 
if one microscopies the place after a longer or shorter space of time 
(after cutting out, fixing, embedding, and colouring) one will find 
an important number of leucocytes between the corpuscles. 

After 6 to 8 days only the corpuscles have generally disappeared ; 
sometimes however they are still to be seen after 10 to 12 days. 

During the first few days one mostly finds polynuclear small 
leucocytes, later more great mononuclear ones. 

Now the question is how to explain this conduct. For this we 
must examine three things. 

1st. How is it that the sensitized corpuscles which are injected 
subeonjunctively do not dissolve, while those injected intraperiton- 
eally do. 

2d, Why do the sensitized corpuscles remain in the same place, 
whereas the normal ones are carried away. 
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3d, What happens finally to the sensitized cells; what do the 
leucocytes do. 

Let us first answer the first question. 

Here we must ask at once if there is complement in the sub- 
cutaneous lymph. 

As far as I know H. Scuneiper’s') researches about this subject 
are the best; he found that the tissue lymph which is obtained by 
bringing a piece of cottonwool under the skin, and afterwards 
pressing it out, contains very little complement indeed. One always 
finds a little more complement than would really be the case if 
we had pure tissue lymph; a slight mixing with serum can of 
course hardly be avoided. It goes without saying that in this 
way we cannot be certain to get a liquid, agreeing with the tissue 
lymph; the piece of cottonwool naturally works irritating; an 
inflammation arises. But the injection of the corpuscles also causes 
an inflammation, and as such these two processes are equal. 

I have also made some complement titrations to the guinea pig 
and rabbit, of subcutaneous fluids obtained in this way. 

For the solution of my haemolytic system I needed : 


I. Fresh guinea pig serum tan Cem: 
Subcutaneous fluid lan CE 
I]. Fresh guinea pig serum en Cen 
Subcutaneous fluid HUE 
UI. Fresh rabbit serum ile Gem: 
Subeutaneous fluid 0,6 eem. no haemolysis! 
Siowing fluid 0,6 Eem lratesoh 15: 


So we can affirm ScHNEIDER’s experiments and assume very little 
or no complement to exist in the subcutaneous cellular tissue; and 
we need not be astonished about the sensitized corpuscles not dis- 
solving, when being injected subcutaneously. 

Now we must answer the second question. The sensitized cells 
remaining in the same place was supposed to be due to the agglu- 
tination which always accompanies the sensitizing. I did not succeed 
in obtaining an immune serum prepared in the usual way, which 
did not at the same time agglutinate. As I did not know any 
method to separate amboceptor and agglutinin when I started my 
experiments, | took another way to prove that the remaining of the 
bloodeells was owing to their being agglutinated and not to the 
sensitizing. I therefore agglutinated the bloodeells in a different way, 
and now found that clinically and histologically the same was to be 
seen after injecting these corpuscles as after injecting sensitized (and 

1) Arch, f. Hygiene 70. p. 40 seq. 
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at the same time agglutinated) cells. In the tirst place I used a 
colloidal solution of SiO, for it. 

All the red bloodeells 1 used (rabbit, guinea pig, horse, cattle, dog) 
were agglutinated by it, be it in various concentration. Only the 
SiO, had no effect; it caused neither swelling, nor leucocytosis. It 
had been prepared by saponifving Siliciumethylether (KanrBaum) with 
greatly diluted hydrochloric acid. Colloidal SiO, prepared in a different 
way had the same effect. Now one might object against this 
experiment that the SiO, not only agglutinates the bloodeells, but 
that it also sensitizes them; for together with guinea pig serum in a 
great quantity, it can dissolve some kinds of blood. Therefore I took 
refuge to the vegetable agglutinins which are found in the bean, 
pea, lentil, and in the seeds of Datura Stramonium. In all these 
eases the result was the same: the bloodcells always remained there ; 
the conjunctiva also showed the wellknown bluish-red change of 
colour after some days, and histologically the image was always the 
same. It goes without saying that with all those experiments the 
sterility was taken into consideration as much as possible. *). 

In order to make quite sure, however, that only sensitized and 
agglutinated corpuscles did not show the phenomenon, I examined 
some thirty rabbits out of my collection on haemolysin and agglu- 
tinin against sheep-erythrocytes, and I really found some sera which 
did contain haemolysin, but only little agglutinin. I repeated the experi- 
ments with these sera; but the results were not very distinct: there 
sometimes was a difference, but it was not big enough to draw a 
certain conclusion from it. 

This is because all the sera employed were rather weak (ambo- 
ceptor */;,—*/,9.) and so a rather big quantity of serum was necessary 
(+ 3 em.) to sensitize the cells. Normal rabbitserum generally con- 
taining some agglutinin, we did not succeed in this way in obtaining 
a suspension of sheep-erythrocytes which are sensitized but little or 
not agglutinated. Yet I ean communicate one experiment which came 
out rather well: 

Serum rabbit 73 titre amboceptor ‘/,, very little agglutinin. 
AEN „nearly */,,, much 6 


„7 > /100 


1/, eem. sheep-erythroeytes is digested with + 3 ccm. serum 73, 
just as '/, eem. with +3 ecm. serum 147. The suspensions are 
centrifuged and the corpuscles are taken up in 1 ccm. saltsolution. 
Erythrocytes 73 are injected on the right, erythrocytes 147 on the 

J y | ) 


1) I did not use ricine because the poisonous qualities of this substance would 
have injured the image. 
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left under the conjunctiva of rabbit 172. The serum of this rabbit 
contains neither amboceptor nor agglutinin in a noticeable quantity 
against sheep-erythrocy tes. 

After one day there is a distinct difference. There is very little 
swelling and redness (+) on the left, but very strong swelling and 
bluish-red change of colour (+++) on the right. The next day the 
difference is a little less, but still it is distinct. 

Consequently it was desireable to obtain a serum which sensitized 
strongly (at least ‘/,,,,), but which agglutinated little or not at all. 
As there was no question of a chemical separation — all the litera- 
ture tells us that all suchlike attempts lead to no result whatever — 
such serum had to be obtained in a different way. In the literature 
about the heterogenetical antibodies is mentioned that serum of a 
rabbit which had been in some way prepared in order to get hetero- 
genetical amboceptors against sheep-erythrocytes, would then contain 
no more agglutinins than are found in normal rabbitserum. 

My experiments in this direction have however not yet led to the 
desired result. One rabbit which was injected with cattle-erythrocy tes 
had a serum with titre '/,,, against cattle-corpuscles, and a titre */, ooo 
against sheep-corpuscles. However it very clearly contained agglutinins 
against the latter. The same thing appeared with two rabbits which 
had been injected with horse-kidney extract. The titre against sheep- 
blood was '/,,, of both of them. Both distinctly contained agelutinins, 
if only little. The sheep-corpuscles treated with this serum remained 
for some days in the same place, after having been injected under 
the conjunctiva. 

So in this way I could not prove with certainty that the agglu- 
tinin is the cause of the prepared corpuscles remaining under the 
conjunctiva. *) 

UL I will now mention some experiments which have been made 
in connection herewith, but which do not directly bear upon the 
subject mentioned in the title. I have asked myself whether the same 
difference as is mentioned above, is also found when non-prepared 
bloodeells are injected subconjunetively partly with prepared, partly 
with non-prepared animals, and whether here too the agglutinin was 
of any importance as to the remaining of the erythrocytes. And this 
has indeed appeared to be the case. | 

Rabbits with serum containing amboceptor (and agglutinin) still 
show a strong swelling under the conjunctiva after one or two 
days after having been injected with the erythrocytes in question 


1) Note added during to the correction: Now I had more success with this 
experiment. The heterogenetical serum which | now used was '/2000 strong. 
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(in my experiments they were horsecorpuscles), whereas the controlling 
animals showed hardly any swelling after one, and no swelling at 
all after two days. In accordance with this the tissue fluid (obtained 
in the above mentioned way with cottonwool) obtains amboceptor 
as well as agelutinin, if they are in the serum. 

Rabbit 160 immunized against cavia-erythrocy tes. 

Serum agglutination '/,, amboceptor '/,, weak (+--+) 
fluid A Yao js "dca ee EN 

Rabbit 192 immunized against horse-erythrocytes. 

Serum agglutination ‘/,, amboceptor ‘/,, 

fluid 3 1], weak ,, "/,, nearly 
Rabbit 147 immunized against cattle-erythrocy tes. 

Serum agglutination ‘/, amboceptor */,, 

fluid Bs “ie $5 oes 

I have now investigated if it really is the agglutinin which deter- 
mines the difference. 

Rabbit 116 agglutination strong, amboceptor 7/,,,. 

Rabbit 148 „ very weak, . tie. 

Both rabbits are subconjunctively injected with */, e.cm. washed 
sheep-ery throcy tes. 

After one day there is a very strong bluishred swelling with 116, 
with 148 hardly any swelling; after 2 days still a strong swelling 
with 116, with 148 nearly all the blood has disappeared. 

A stronger proof is given by the rabbits that were injected with 
horsekidney extract *). Although the titre against sheepeorpuscles was 
not high here (with both */,,,) a great difference was stated with 
the controlling animal (titre also ’/,,,). 

After one day hardly any blood was to be seen with the first, 
contrary to the controlling-animal. I think these experiments are 
of some importance. For in the latest great report about the 
agelutination known to me, that by Parraur®), the author says on 
p. 515: Ob Agglutination auch im Organismus stattfindet erscheint 
recht zweifelhatt. 

At least I believe I have proved the haemagglutination to take 
place in the subcutaneous tissue. I only want to insert here that 


1) These are the same animals as were mentioned above: their serum did 
contain agglutinin, but much less than the animals immunized in the ordinary 
way. That here we got no agglutinin effect, and that we did when mixing the 
serum with the bloodcells in vitro, may be explained by the fact that the agglu- 
tinin can pierce with so much more difficulty into the tissue fissures and reach the 
bloodcells than when a great quantily of serum in vitro ts directly added. 

2) Kotte und Wassermany, lle Auflage, Il, p. 483—654, 


the phenomena mentioned above belong to the department of local 
anaphylaxis (Phenomenon of Arrnvs). As far as I know they have 
not been studied as to the immunisation with bloodeells; they have 
with serum or bacteria. This really is only a question of name 
however: the essence of local anaphylaxis is still as unknown to 
us as that of general anaphylaxis. - 

In any case we can see by the bloodeells that the disintegration 
of albumen is a very slow one; I do not wish to deny however, 
that part of the flood of leucocytes is owing to this disintegration. 
What has been stated somewhere else viz., a primary necrosis of 
the tissue and after that an infiltration of leucocytes’), I have never 
observed; I could sometimes also state a toxical influence of the 
injection out of an oedema of the cornea: but this happened very 
rarely. Then one should not direetly compare the phenomena of 
subeutaneous injection with those of intracorneal injection (WESSELY, 
von SziLy); in the latter case the current of fluid is much slower, 
so that great differences can occur by this. It would however lead 
us too far if we entered into this more closely. 

We must now still treat of the third question: what happens to 
the sensitized (agglutinated) cells, and what do the leucocytes do in 
this process? I must first of all mention that | could not find any 
difference between histological images when injecting sensitized or 
only agglutinated bloodeells. This, however, is in keeping with 
other experiments. For, there being a great difference in vitro between 
the phagocytosis of sensitized (opsonized) and nonsensitized cells, -— 
the former are phagocytated, the latter are not, when brought 
together with suitable leucocytes — one does not find back this 
difference in vivo when injecting the cells into the abdomen, 
previously injected with broth. AcHarp and Forx’) some time 
ago tried to find the causes of this difference, but in vain. I did 
not succeed either?). We need not be astonished however, when 
finding the same conduct in the subcutaneous tissue as in the 
prepared abdomen. 

Are the erythrocytes now phagocytated? Notwithstanding my 
observing a great many preparations, I did not succeed in getting any 
certainty whatever about this in my histological sections; to form 


1) H. Fucus und Metter, Z. f. Ophthalmologie. Bd. 87, p. 280. 

2) AcHARD and Forx Arch. de Médecine expérimentale et d’anatomie Patholo- 
gique, January 1914. 

3) Prof pe Vries advised me to add te the mixture (foreign bloodcells, fresh 
serum (without opsonins) and leucocytes) scrapings of the peritoneum endothelium; 
with this | had no success either. 
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an opinion about it is, however, very difficult; leucocytes are always 
among a great number of red cells and the sections are always 
thicker than one red or white cell. Anyhow, it seems very probable 
to me that this must happen. For: 

1. the red cells disappear atter 6—8 days. 

2. in vitro they are easily phagocytated. 

3. The subcutaneous cellflaid and the leucocyte extract do not 
contain an unspecific haemolysin (ScHNEIDER: |. ¢.; this concerns 
polynucleous (mikrophages) as well as mononucleous cells (macrophages). 

I have tried after one or two. days to cut out the swelling (after 
injecting the sensitized (agglutinated) cells), and then to spread them 
out on a coverglass: these preparations too gave bad images; princi- 
pally by the stickiness of the substance: I did not see a distinct 
phagocytosis. 

I have here always spoken about sensitized cells without wishing 
to form an opinion about the open question of identity between 
amboceptors and opsonins and tropins. (NEUFELD *) SATSCHENSKO ’) ). 

The following experiment will show that there can be amboceptor 
as well as tropins in tbe subcutaneous cellular tissue. A piece of 
cottonwool was entered under the skin of the abdomen of a prepared 
rabbit (against sheep-erythrocytes) and the fluid was examined after 
some hours: in vitro it strongly stimulated the phagocytosis of 
sheep-erytrocytes by rabbit-leucocytes. 

As a sammary we can draw the following conclusions: 

1. When using red corpuscles loaded with amboceptor as antigen 
one should remove all surplus of serum. 

2. Sensitized and agglutinated red corpuscles, when injected sub- 
cutaneously, remain in the same place for a long time; non-treated 
cells are soon led away. 

3. This will most probably be the consequence of the agglutination, 
not of the sensitizing. The same happens to non-specific agglutination 
— also when it concerns the animal’s own cells. 

4. With prepared animals possessing agglutinin, the cells injected 
also remain in the place where they have been injected. So agglu- 
tination in vitro also takes place; this is not the case with animals 
which only possess amboceptors (opsonins) and no agglutinins. 

5. The subcutaneous lymph contains very little or no complement, 
it does contain amboceptor, agglutinin, opsonin (tropin). 

The above will show my experiments not yet to be complete. 
They require to be completed as to the question to what 
~1) Arbeiten aus den Kaiserl. Gesundh. Bd. 25, 27 en 28. 

*) Arch. Sc. biol. St. Petersburg. XV, blz. 145 1910. 


22 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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extent the immunizing power of red corpuscles loaded with antibodies 
is related to that of normal cells as to the tropin- and the agglutinin- 
content of the serum. We may suppose, also in consequence of the 
above mentioned experiments, that the content of antibodies of serum 
and subcutaneous lymph goes parallel and so we shall not investigate 
this point separately. 

IV. After the immunisation with sensitized erythrocytes the one 
with mixtures of serum and anti-serum comes next. I have not 
stated the amboceptortitre (to be stated by means of complement 
fixing) but the precipitincontent. Where the results do not differ 
much from the experiments with sensitized erythrocytes, I think I 
can suffice with only stating the precipitin. 

7A Rabbits, injected intravenously with horseserum, 0,5 ¢.c.m. per 
ke. (made inactive). 


Rabbit weight titre after 3days after 5 days after 7days after 12 ds. after 14 ds. 


103 2600. — „EE NE Ne g 1/00 1000 
104 2850 — 5 5 5 — Asbl — 5 = 1 Yiooo weak 1/1000 
105 2850 — 42 i B, = hn 4 — 4E 3 Miooo » "/oos 
106 1650 — > Zs = i 5 — (2 2 1/00 “ooo weak 
107 2100 .— SS == reat i zl 1fiooo weak "/ieoo 


IB. Rabbits injected, intravenously with 0,5 e.em. horseserum 
(inactive) + 1 ccm. precip. serum (’/,,..), after this mixture had 
stood for 1 hour. 


Rabbit weight titre aft.3days after 5 days after 7 days aft. 12 days aft. 14 days 


108 2150 = 7 ER er (eat "hoo 1/100 
109 2150 — \E55 — \E EY “ho 1/1000 "/1o00 
11Gb A850 ee ee SE — 97 2} — 4 still some */io0 */1000 
eal 1850 — (Z as a= = Z — Phorse serum§ 1/, 000 1/1000 
113 9150 — “Ss ey ar ‘hy weak ooo Weak 1/1009 


So here we do not see a distinct difference between the A and B 


group. 
IL A. Rabbits, injected intraperitoneally 0,4 cem. human serum 
per kg. 
Rabbit Weight after 5 days aft. 7 ds. aft. 10 ds.. aft. 12 ds, aft. 14 ds. 
67 250 AS = = Tho /1000 110200 
78 2450 Sa) NE 5 = "To "hoo T/ioo9 weak 
70 1009 EE Er ho /ooo L/10000 
60 9320 — jos Myo? hoo "000 1/1 0000 
IE Or = E 1 1 1 
16 1320 = ho hoo /1000 /10000 


IL B. Rabbits injected similarly 0,4 ccm per kg. + 3,6 cem. 
antiserum (‘/,,,, largely). The mixture had stood for 4 hours, a thick 
precipitate has been formed. 


Rabbit Weight aft.5ds. aft. 7 ds. aft. 10 ds. aft. 12 ds. aft. 14 ds. 


2100 — s a 1/00 "/1000 1,000 
1144 3200 — \8 | = — = “ho 
113 2000 — {B 3 a Ten ma ho 
112 2550 — [2 i oo ar /ro00 “/igo weak 
71 1600 — f= = oa "000 110000 


After 17 days the titre already went back. 

Here we can see that, whereas of the series B three rabbits 
distinctly lag hehind, two of them reach as high a titre as the A 
rabbits. Knowing (UHLENHUTH) that accidental failures in the preparation 
of precipitinholding sera are not to be avoided, I should not wish to 
draw any other conclusion from this than that a good formation of 
precipitins is also possible with mixtures of serum and antiserum. 

I have also taken the following series of experiments. 


III. Rabbit 140 1 ¢.cm. horseserum intraperitoneal. 


Pees wt, 55 Su » + 1 eem antiserum 
Chia) 
BNers Ee + i. » + 3 4 
5 99 33 ne RER ni Se 
A! 2 3 Re EA tek 
is 8 2 33 PR es wits, Ht be 
7 42 sk ke ont mee! (Wicks ae 
7 48 eN ij NA ins Bo pact B 
Rabbits after 8 days 
140 ze 
116 Io Weak. 
142 JR , 
99 due 
121 aaa 
8 d ERI 
43 EPE 
48 en 


So here too we find a rather important formation of antiserum 
with rabbits, which, with the serum, bad also got antiserum. 


IV. Rabbit 155 50 c.em. antiserum */,,,, -+ 2c.cm. horseserum intraperit. 


ye Tob ot; ys +2 .,, 5) i, 
seven HUN; zi +2 „ it 4 
me abshe On 54 3 +2 „ a 7 
PA Oe 3, Ay +0 ,, 5 3 
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Rabbit after 1'/, hour after 1 day after 3 days after 5 days 


contains | » contains contains contains 
cee serum | horse serum horse serum horse serum 
155 — ee Oe 
156 — ed det et 
Bye fe nes En pag) ED SO eN 
158 — a —f 444+ |l +4 ol H+ 
159 — Th — = == LS — 
after 7 days. aft.10ds. aft.12ds. aft. 14ds. aft. 17 ds. 
‚contains , 
horse serum ; 2 5 
155 TR == | ne = 5 de ded W. WU 
dE Sn +--+ > hat 4 i fn hoa weak tf aa Ww. teen 
ae jo) © 
hav iat AS Pon p "Wat 
HSS Ye =P Se ziee s = aap Dt ho 
IE — — — — 


Here too we also see some irregularity: (rabbit 157 immunizes 
somewhat less than the other, but even a mixture of 25 times more 
antiserum than serum still has immunizing effect. 

I did not try if surplus of serum can do any harm when 
immunizing, for one then gets too great quantities so that it is hard 
to inject them: 50 eem. serum is rather much for a rabbit. 

These experiments seem to be somewhat contrary to a communi- 
cation of Dörr (report about Anaphylaxis, Korre unp WAssERM. 
IIe Aufl), that the precipitate obtained by mixing serum and anti- 
serum, has no immunizing effect. But this is only a seeming 
contradiction. For, according to investigations e.g. by Wersn and 
CHAPMANN®) this precipitate only contains traces of parts of the 
serum and it is almost exclusively formed out of the antiserum. 

Thus I have found that of a serum of a rabbit which was 
immunized against human serum (titre */,59.) 75 ccm. was necessary 
to form together with 1 cem. human serum (together till 150 ccm.) 
a precipitate, so that in the above mentioned liquid no more human 
serum could be indicated with my antiserum (’/,,,,). 1 ccm. being a 
very small dosis to immunize a rabbit, it is clear that not much 
can be expected in general from an injection of the precipitate ’). 

I have now also examined the local effect of serum and antiserum. 


1 Zeilsch f. Immunitätsf. 9, p. 517. 
2) I here give up the question whether there is any human serum at all to be 
found in the precipitate, or whether it could be again removed by washing. 
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With this the antiserum and serum were always both inactive, so 
that we have nothing to do with any possible anaphylatoxin. 

If one again injects the mixture in which a precipitate has been 
formed subconjunctively, one will find a rather strong swelling the 
next few days, which at a morphological examination again seems 
to contain polynucleous cells. The controlling animals which had 
only been injected with serum, were normal again the next day. 

If one centrifuges the mixture, the above mentioned liquid is not 
found to cause a swelling, but the precipitate is. So we have here 
an analogous conduct as with the corpuscles‘). 

I have now tried whether specific albumen precipitations did not 
show the same conduct, and for this I chose the precipitates of 
horseseruin with colloidal He (OH), and S7O,. Both precipitates 
gave some swelling and ata morphological investigation polynucleous 
Jeucocytosis. This investigation must still be extended. 


If one injects a prepared animal with specific serum, one gets 
the same phenomenon: swelling and lencocytosis. This phenomenon 
is wellknown. I did not yet succeed in proving here as well that 
the precipitins hold the serum in its place’), although I do think it 
likely, considering what goes before. For the time being | do not 
see a chance of preparing a serum which possesses amboceptor 
against foreign albumen, but no precipitin. 


Amsterdam. Path. Anat. Laboratory of the University. 


Chemistry. — “The Temperature-coefficients of the free Surface- 
energy of Liquids at Temperatures from —80° to 1650° C. 
1. Methods and Apparatus. By Prof. Dr. F. M. Japcer. (Com- 
municated by Prof. P. van Rompurcu). 


§ 1. The purpose of the experiments here described was to en- 
deavour to ascertain the relation between the so-called ‘molecular 
surface-energy” of molten salts and the temperature, a relation 
which has hithertho been studied only in liquids, which possess no 
_electrolytical conductivity. 


1) The experiments are somewhat analogous to those about the local effect of 
the anaphylatoxin (FriepBERGERr), but I always used serum that was made inactive, 
contrary to the investigators, into the anaphylatoxin. 

2) That is to say subconjunctively. For the cornea other laws probably prevail; 
there the serum remains in the same place for rather a long time without there 
being any precipitins (WesseLY, VON SzILY). 
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A probable relation founded upon the law of corresponding states, 
between the value of the temperature-coefficient of the expression : 


MN” a: ee Bie 
ie ‚and the degree of molecular association of a liquid was 
; 


first suggested by Eötvös *), and later by Ramsay and Sxtetps*) and 
a number of others*). These observations appeared to prove, that 
the values of these coefficients do not differ much from 2,2 Erg 
per degree C. for “normal” liquids, while for associated ones they 
are considerably less. In any event some definite knowledge of the 
dependence of the free surface-energy y upon the temperature will 
be of high importance for the consideration of all problems, relating 
to the internal state of liquids. 

It can hardly be supposed with any probability, that the law of 
corresponding states will be found to apply in the case of molten 
salts, because they are really electrolytes and more or less dissociated. 
Notwithstanding this, if the investigation should chance to reveal 
relations in any way analogous to those hitherto supposed to be 
characteristic of organic liquids, this fact must carefully be considered 
in estimating the significance of the theoretical speculations mentioned, 
and especially is this the case, where criteria are sought for judging 
about the molecular state of liquids in general. In fact, one can 
better hope to elucidate the influence of chemical constitution on 
characteristic properties in the case of molten salts, than in the case 
of the much more complicated organic molecules. 

These and other considerations, some years ago (1910) suggested 
the development‘) of an experimental method, which should permit 
the study of the dependence of the molecular surface-energy upon 
temperature, — even up to temperatures in the vicinity of 1650° C. 


1) Eörvös, Wied. Ann. 27. 448. (1886); vAN DER WAALS, Zeits. f. phys. Chem. 
13. 713. (1894). Erysreis. Ann. d Phys. 84-165. (19112) 

2) Ramsay and SrreLps, Zeits. f. phys. Chemie 12. 433. (1893). 

3) Vid: GuyE and collaborators, Journ. de Chim. phys. 5. 81, 97. (1907); 9. 
505 (1911); etc; WALDEN and SwinNNe, Zeits. f. phys. Chem. 79, 700. (1912) 
Bull. Acad. St. Pétersbourg, (1914) 405. 

4) Preliminary experiments of this kind were begun during my stay at the 
Geophysical Laboratory in Washington, (U. S. A), in the winter 1910 — 1911, 
and I wist to express my thanks here once more to my friend Dr. A. L. Day 
for his kind assistance and most valuable advice in this matter. Through these 
preliminary experiments the availability of the method up to 1200° G. was clearly 
established by me, and it became quite clear, in what directions improvements 
were necessary. The further development was hindered by the building and equip- 
ment of the new Chemical Laboratory of the University of Groningen: not earlier 
than November 1913 could the first measurements of the present series be made, 
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With the increase of the temperature of observation, the experimental 
difficulties of precision-measurements increase very rapidly : measure- 
ments, which at room-temperature are of the utmost simplicity, are 
often very difficult at 400° C., and commonly almost impossible 
above 1000° C. This fact explains, why it has not been possible 
until now, to communicate the results obtained, because only an 
extended experience could prove to us the reliability of the method 
used and the degree of accuracy obtainable. 


§ 2. Of all the methods hithertho described for the determination 
of surface-tensions, the one most used is the method of measuring 
the rise of the liquid in capillary tubes. Ramsay and Swipips and 
most of the investigators who have followed, have used this method. 
It can however hardly be denied, that the absolute values of 7, 
obtained by different observers with the same liquids and at the 
same temperatures, show discrepancies of considerable magnitude. 
Commonly this lack of agreement is attributed rather to the unequal 
degree of chemical purity of the materials studied, than to the methods 
employed. In many of the cases, however the discrepancies were 
found with liquids, which can be obtained in a state of complete 
purity without extraordinary trouble; so that one is easily inclined 
to the belief that the method of measuring the capillary column 
includes some sources of error which are not yet sufficiently known. 
Possibly adhesion to the walls of the tubes plays a certain role in 
it, or perhaps the influence of the angle between liquid and 
solid material may be not completely negligible, as is ordinarily 
assumed. 

However there is a decisive argument against the use of the 
method of capillary ascension in the following investigations; the 
walls of the capillary tubes used, were always damaged in a greater 
or less degree by the action of the molten salts. A microscopical 
examination of the walls of the tubes readily revealed this fact. 
The method cannot be employed therefore at temperatures, exceeding 
400° C., because the liquids will always be contaminated and the results 
will be almost valueless. Furthermore, the method assumes, that a rather 
long column of liquid can be held throughout its full length at a 
constant and uniform temperature. At high temperatures this condi- 
tion can scarcely be fulfilled. The study of large platinum resistance- 
furnaces has shown convincingly, that even in a central furnace- 
tube of about 26 e.m. length and 4,5 e.m. diameter, with the heating- 
coil wound inside, the space of really constant temperature is scarcely 
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longer than 4 or 5 em.') Therefore it is absolutely essential in every 
method intended for exact measurement at high temperatures, that 
the working-space be reduced to dimensions as small as possible. 
With respect to the measurements of temperature under such con- 
ditions, the available methods will permit making them with an 
accuracy of 0°,1 C.,*) which is more than sufficient for the purpose. 
On the other hand, the necessary measurements of the surface-energy 
must be made in such a way, that the results will have the same 
degree of accuracy at the highest temperatures, which they possess 
at lower temperatures, while at the same time the liquid to be 
studied must be restricted to a space of one or two cubic centimeters. 


§ 3. To fulfill these postulations, there is a method which can 
be used under certain conditions, which was first projected by 
M. Simon, and later developed by Cantor, *) while it was successfully 
used afterwards for researches at lower temperatures by FEusTEt. *) 
It appeared to be possible to develop the technical procedure in 
such a way, that the method could be used, without any appreciable 
loss of accuracy, up to the highest temperatures, which can be 
measured with the platinum-platinumrhodium thermoelement. 

The principle of the method is the measurement of the maximum 
pressure H, prevailing within a very small gas-bubble, which is 
slowly formed at the circular, knife-edge opening of a capillary tube 
immersed in the liquid perpendicular to its surface, just at the 
moment, when the gasbubble is about to burst. The sharp edge 
of the capillary tube eliminates the influence of the capillary angle. 
In this way absolute measurements of the surface-energy are possible 
in Ergs per em?*., if the radius r of the tube, the specific gravity d 
of the liquid at the temperature of observation, and the depth of 
immersion 7 of the tube into the liquid, are known. To obtain the 
true value of H, the readings of the manometer require to be 
diminished by the hydrostatic pressure, corresponding to this depth 
of immersion 7. 

The method evidently can only give exact results, if the final state 
of the gasbubble represents a state of equilibrium, and is thus reached 


1) Borromuey, Journ. of the Chem. Soc. 83. 1421. (1903) ; Lorenz and KAUFLER, 
B. d. d. Chem. Ges. 41. 8727. (1908); TRAUBE, ibid. 24. 3074. (1891). Vide also: 
MotyLewskI, Z. f. anorg. Chem. 38. 410. (1903). 

2) F. M. Jagaur, Eine Anleitung zur Ausführung exakter physiko-chemischer 
Messungen bei höheren Temperaturen. (1913). p. 36, 48. 

3) M. Smion, Ann. de Chim. et Phys. (3). 32. 5. (1851); Cantor, Wied. Ann. 
47. 399. (1892). 


4) FEUSTEL, Drude's Ann. 16, 61. (1995); Forcu, ibid. 17, 744. (1905). 


hel 


335 


passing a series of mere equilibria; that is: the method required to . 
be made practically a static one, the final maximum-pressure being 
independent of the special way, in which the pressure in the growing 
gas-bubble is gradually augmented. 

Thus a very slow rise of pressure in the growing gas-bubble is 
necessary, and only in this way does it appear possible to eliminate 
the small differences of pressure in the long connecting tubes of the 
apparatus. For it is well known, that the adjustment of such small 
pressure-differences takes a considerable time, if the connecting tubes 
are relatively long. 

If the radius of the capillary tube is r (in em.), the specific 
gravity of the liquid d, and the observed maximum-pressure (in 
Dynes) is H, then the surface-energy x (in Erg. pro em?) is calculated 
from Cantor’s expression (loco cit.) : 


The last two terms of the second member of this equation are 
usually so small, that they can be neglected in comparison with the 
experimental errors, as being corrections of the secondary order. 

Nevertheless it has become clear, that a special correction requires 
to be applied to the values calculated in this manner, beeause of 
the fact, that in the theoretical deduction of this relation, a simpli- 
fication is used, which cannot be considered quite legitimate. We will 
advert to this correction lateron. (Vid.: VI; under general remarks). 

With this limitation extended experience in the use of the method 
leads to the conviction, that in the form it is used here, one can 
obtain reliable and, within narrow limits, reproducible results. It 
has the advantage, that the surface-layer of the liquid is continually 
renewed, thus the often-observed and troublesome phenomenon of 
the alteration of this layer, need not be feared. Furthermore one 
can vary the flowing gas at will with the different liquids, to prevent 
eventual oxidations or reductions). With these precautions the 
results can be considered as accurate at 1650° C. as at ordinary 
temperatures, if only no abnormally high viscosity is encountered 
in the liquids; for this will destroy to some extent the reliability of 
the measurements. The influence of the viscosity will be discussed 
lateron in more detail. 

Of all sources of error to be considered : inaecuracy in the 


1, As long as the gas is indifferent, i.e. as long as it does not react with the 
liquid, the results will be quite comparable, because experience teaches, that the 
differences in the values of y, measured with different gases, are vanishingly 
small in comparison with the experimental errors. 
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measurements of r, of d:, of the pressure Hi, of the reduction-factor 
of the observed pressure on the manometer to mercury-pressure, of 
the measurement of temperature, of the depth 72, ete, — the last 
mentioned appeared to be the most significant. If all these errors are 
assumed to be cumulative, the total effect upon the reproducibility 
of the results, even at 1650° C. is still within about 1°/, of the 
true value of , and at lower temperatures about 0.6 °/, of that value. 
With many molten salts, where H is very great and the viscosity 
very small, the percentage error appeared to be even less than this, 
not exceeding 0,4°/,. For our purpose this degree of accuracy may be 
considered a very satisfactory one considering the enormous difficulties 
of measurements at those extreme temperatures. It is also question- 
able, whether it will be possible to exceed this accuracy at such 
high temperatures in the near future. And if this could be 
done, it is very problematical whether much would be gained 
for the purpose proposed. For experience teaches us, that at those 
extreme temperatures all compounds are in a state of more or less 
advanced dissociation, and it can hardly be of any significance to 
express the surface-energy 4 of such compounds in tenths of Ergs, 
when the uncertainty in the values of %, caused by the inevitable 
admixture of the dissociation-products, will surely be larger than 
the correction-factors following from this increase in the accuracy 
of the measurements. 


§ 4. In this and the following papers we will successively give 
an account: (1). Of the experimental arrangements and the manner 
of procedure, including some instances, illustrating the general adapta- 
bility of the method employed in different cases. (2). The results, obtained 
between -—80° and + 270° C. in the study of a great number of 
carboncompounds, in connection with their atomic constitution and the 
validity of Eörvös’ theoretical views. (8). The experiments made to 
determine the free surface-energy of molten salts, by means of the 
method here developed. In this connection we will also discuss 
more in detail the earlier attempts to solve the problem by the 
method of capillary ascension in glass-tubes. (4). Finally a discussion 
of the results obtained and a number of considerations of a more 
general kind will be given, which are suggested by the study and 
comparison of the data now available. 


§ 5. Apparatus and Experimental Equipment. 
a. In all the measurements pure, dry nitrogen, free from oxygen, 
was used, because even at the highest temperatures this gas appeared 
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to be quite inert, and to attack neither the compounds studied, nor 
the thermo-elements. Carbondioxyde can be used as a furnace-atmos- 
phere up to relatively high temperatures, but is often not very suit- 
able to be bubbled through molten salts under these circumstances, 
because of its character as an anhydrous acid. Furthermore, at the 
highest temperatures a slight dissociation is always to be feared. 
At the same time the dry nitrogen permitted us to drive out the 
air from the glass bulbs at lower temperatures, and completely 
prevented the oxidation of the organic liquids studied. 


The nitrogen employed was prepared from a mixture of pure 
sodiumnitrite and ammoniumchloride, washed by distilled water, 
and collected in a gasometer D (fig. 1). It was led through a series 
of wash-bottles e, filled with an alkaline solution of pyrogailol, then 
through otbers, filled with concentrated sulphuric acid (A, and finally 
through a tube f, containing a large surface of freshly sublimed 
phosphorous-pentoxide. The dried gas was preserved in a collector IW, 
closed with dry mercury. When needed, it was pushed on into a 
metal reservoir MN by means of a movable mercury-holder Z Any 
arbitrarily chosen pressure could be used whieh was then read on 
the mereury-manometer A. The stopcock / carries a micrometer, 
used in the regulation of the gas-current. In the study of the organic 
liquids, this reservoir MN was placed in the oil-thermostate U, with 
the glass-bulbs containing the liquids to be investigated. In this way 
the nitrogen was pro-heated to the temperature of observation, thus 
preventing disturbances of temperature in the surface-layer of the 
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liquid due to the small gas-bubbles emerging from the capil- 
lary tube. 

The regulation of the velocity of flow of the gas was obtained 
by means of the stopcock # already mentioned, in combination with 
two accurately adjustable pinch-cocks B, which were inserted between 
the reservoir N and the apparatus /, carrying the capillary tube 
and its adjustments. With this arrangement no undesirable cooling 
of the surface, nor any lack of adjustment of the gas-velocity need 
be feared as a considerable source of error. 

b. The apparatus A consists of an upright rod H (fig. 2a), about 
1 meter high, and made of brass heavily plated with nickel. It rests 
on a heavy iron tripod fitted with three levelling screws. The vertical 
rod can be rotated about its axis by means of two gliding discs O 
at the foot of the pillar; they may be clamped fast when desired. 
In this way it is possible to bring the horizontal arm, bearing the 
adjusting arrangements and the movable counter-weight Z into any 
desired azimuth, and to fix its position by means of the clamps at 
QO and the collar at H. With the aid of a handle provided with a 
vertical rack and pinion, this horizontal arm can be raised to any 
height and fixed there with proper clamps. This arm can also be 
moved horizontally, in order to vary its length. Moreover it appeared 
to be. necessary to prevent a slight bending of the pillar H under 
certain circumstances, by means of three steel supports attached to 
H and to the iron tripod *). 

Just over A, it has at its end a rectangularly bent steel support, 
to which are attached the spiraltubes G, made of gas-tight aluminium- 
tubes, nearly 3 millimeters wide, and also the similar tubes U, which 
however consist of much wider spirals. The latter form the continu- 
ation of the aluminiumtubes G, and their ends are firmly fastened 
to the horizontal beam, which is fixed in the laboratory just above 
the whole apparatus. The two sets of spiraltubes appeared to be 
necessary to ensure the desired mobility of the apparatus with regard 
to the manometer-connecting tubes, and also to render an effective 
operation of the adjusting devices possible. The great sensitiveness 
of the manometer makes it necessary, that ali the connecting tubes 
of the instrument, as well as the spirals Gand U, should be wrapped 
with a thick layer of white flannel or asbestos, in order to avoid 
the disturbing influence of slight oscillations of temperature. 


1) In the construction of this apparatus the mechanics D. Vonk and A. VAN 
DER MEULEN, and the amanuensis J. J. FoLKers, all of Groningen, have aided in a 
most practical and effective way. 


Prof. Dr. F. M. JAEGER. The Temperature-coefficients of the free Surface- 


energy of Liquids at Temperatures from —80° till 1650° C. I. Methods 
and Apparates. 


Fig. 2a. 
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The adjusting device F is 
represented on a somewhat 
larger scale, in fig. 26; it is 
fixed in position over a 
resistance-furnace, and con- 
nected with the capillary 
tube made of the platinum- 
rhodium-alloy and the thermo- 
element /’. In this drawing 
the rectangular support with 
the spirals G are also plainly 
discernible, together with the 
hollow water-screen J, in 
which a current of cold water 
is continually circulating. 
This adjusting device consists 
of two semi-circular parts 
about 40 ¢.m. in diameter. 
One part is permanently 
attached to the apparatus R, 
the other can be fitted to it 
by means of pins and short 
tubes. The latter part has a 
circular glass- window, where 
upon the totally reflecting and 
movable (around a horizontal 
axis) prism / is placed. By 
means of this prism the be- 
haviour of the liquid in the 
furnace can be observed and 
controlled at every moment. At 
temperatures over 1000° C., 
coloured green glasses are 
inserted in front of the prism. 


With the protection of the waterscreen J it proved possible, to use 
the manometer even at temperatures of 1650° C., without any 
disturbance from the heat-radiation of the furnace. The furnace D 
is a platinum- (or nichrome-) resistance furnace of the usual type *); 
it has an inside wound heating-coil, and can be heated with a 
central tube of alundum inside, up to 1400°C., and without such a 


1) F. M. Janaer, Anleitung u.s.w. (1913). p. 36. 
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central tube, to about 1680°C. The platinum-crucible is borne upon a 
movable support of burned magnesite, which can be fixed to the 
iron support A at any elevation. 

The construction and arrangement of the part Ff of the adjusting 
device is elucidated more in detail in fig. 3a and 36, a giving the 


d. Fig. 3. b. 


external view from one side, 4 a section through it, in a plane, 
perpendicular to that of fig. da. 

The apparatus consists of two metal dises P, and P,, of which 
the dise P, with the tube S attached to it, can be moved horizont- 
ally round the hemi-spherical button @, and by means of the screws 
A, and A, can be brought to any inclined position with respect to 
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P,. If P, is turned in a horizontal direction, the s¢rews A, and A,, 
as well as the springs /’, and /’,, (fixed at one end only) will glide 
along the upper dise P,, the whole upper part thus remaining in its 
original position. It appeared to be necessary to use a third screw 
B for the adjustment of the capillary tube. It is first completely 
loosened from P,, then after P, and P, have been brought into the 
desired relative position, the screw B is turned so as to touch the 
disc P, slightly: in this way the relative position of the two plates 
is completely fixed. The tubes S and }, (not shown in fig. 3a) are 
bent rectangularly upwards, and fitted, to the spiral tubes G. By this 
arrangement an undesirable motion of the apparatus (during the 
adjustment of the capillary tube), due to the influence of the stvess and 
weight of the connecting-tubes, could be sufficienly prevented, while 
the micrometerscrew J/ at the same time remained in working 
condition. This screw J/, fitted with a drum MN and a scale D, 
serves to move the discs P, and P, together through a known ver- 
tical distance. The screw has a pitch of 1 mm. exactly, the circum- 
ference being divided into one hundred equal parts, it thus permits a 
vertical motion of 0,01 mm. to be measured at D. This is more 
than sufficient, because experience proves, that no adjustment of the 
capillary tube in contact with the surface of the liquid, can be 
made with greater accuracy than about 0,1 mm. During this vertical 
motion the drum MN and the micrometerscrew J/ remain in their 
original positions, because they can only move in a horizontal direction 
round the fixed part V of the apparatus. A vertical scale Z, provided 
with divisions for about 30 mm., is moved at the same time with 
the two discs P, and P,. In this way the number of revolutions of 
N can be read directly. Concerning the adjustment of the capillary 
tube with respect to the surface of the liquid, which can be made 
either visually, or with the aid of the manometer-readings, the neces- 
sary directions will be given below. 


§ 6. It was soon found, that the adjustment of the slight diffe- 
rences of pressure in the long connecting-tubes happened so slowly, 
that considerable errors in the measurements must inevitably occur. 
For this reason all the capillary tubes, with which the apparatus 
was originally equipped, were replaced by 5 mm. gas-tight tubes. 
These tubes were made in part of lead, in part of aluminium *) and, 


1) Also tubes of cellon, made by the Rheinisch-Westphdlische Sprengstoffe A.G. 
in Céln a/Rh., and which may be bent in hot water, can be recommended for 
such purposes. The material is gas-tight and fire-proof; however il is difficult to 
obtain it from the plant in any desired shape. 
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where necessary, were wrapped with a thick layer of asbestos. 
A considerable time had to be spent, to get all connections 
completely free from leakage ; but when this was accomplished the 
indications of the manometer were so prompt as to be practically 
instantaneous. After this no errors from this source needed to be 
feared. 

The connection of the tubes occurred in the usual way, as with 
high-pressure apparatus; these connections appeared to remain gas- 
tight, even after a longer use. 


§ 7. For the measurement of the maximum pressures to be observed, 
originally a mercury-manometer of the type indicated by Scaeer and 
Hruse *) was used. The instrument had been modified in some details ; 
but it appeared not to be suitable for our work, because of the 
necessity of always reading {wo menisci, which was very troublesome 
with a pressure varying continually up to the moment, when the 
maximum was reached. 

This instrument therefore, which is very well adapted for static 
measurements, was only employed for the calibration of the manometer 
finally constructed. This second instrument was built on the principle 
of the manometer with two liquids. 

In the measurements of organic liquids, it was necessary to avoid 
any contamination of the connecting-tubes with the vapour of the 
manometer-liquids, so that only pure mercury could be used as one 
of the liquids in the manometer. For the second liquid we chose 
normal octane. This liquid is very thin, behaves very well in contact 
with glass-walls, and, if completely dry, appeared not to blacken 
the mercury-surface, even after long exposure. The vapourtension at 
20° C. is only 10,45 mm., the viscosity at 23° C. is 0,0052 C.G.S., 
the surface-tension at 25° C. is 21,3 Erg. pro cm’., and the expansion- 
coefficient is 0,00118. After repeated fractional distillation, its boiling- 
point was found to be 125° C. under 758 mm. pressure, and its 
specific gravity at 25° C. was: dio = 0,6985, i.e. about 19,38 times 
less than that of mercury at the same temperature. This last relation 
operates in the following way : 

Suppose the diameter of the wider tube (fig. 4) to be D, that of the 
capillary tube d and the mercury-meniscus to the right to be a m.m. 
higher than to the left. Then the height of the octane-column to the left 


1) Screen und Hevse, Ein heizbares Quecksilbermanometer fiir Drucke bis 
100 m.M.; Mitt. aus d. Phys. Techn. Reichs-Anstalt, Zeits. f. Instr. 80, (2). 45. 
(1910). 
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a A > 
side (c) is: — m.m., if e = - = 0,0516. Suppose Ap to be the increase 
5 


19,38 
of pressure (in m.m. mercury), necessaryon the right side, to sink the 

mercury-surface just 1 m.m. The mer- 
“AP cury-surface on the left side, will then 
rise just 1 m.m., and the octane- 
column from c toc’ (=Ahm.m.), 


Dp 
over = m.m. The difference of level 


of the two mercury-surfaces is now: 
(a—2)m.m., and the octane-column 


a D . 
to; the left — eS i ae mm. This 
€ a 


corresponds to a mercury-column of: 


eae) ae De 
(<— zeeer; Jem. 


Therefore the necessary increase 
of pressure on the right side (= A p), 
is evidently : 


(« —e+t 59) — (a—2) m.m. = 2 + 


D 
+ 3 ed) m.m., and thus: 
C 


: -1) | d | d 
ater 40(1-5)= Er 


d 
Ap EH 25 $6 AME 


The reciprocal of the expression between {} will be seen to be 
the “multiplication factor’ F of the instrument. With small values of 
e‚ (2—e) will differ little from 2; therefore it is necessary to reduce 


d ; 
p 28 much as possible and to make /’ as large as possible. 


In our instrument these conditions were fulfilled in the following 
way: preliminary experiment gave d = 2,406 m.m’, and D= 1257,36 


d eager 
m.m?; thus — = 0,00191, and F becomes ca. 18. The reproducibility 
of the same pressure appeared to be possible within a limit of 


23 
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0.1 m.m. octane, which corresponds to 0,005 m.m. mercury-pressure. 
The accuracy of the measurements was within the limits 0,05 and 
0,1 °/,; it was greater than necessary in comparison with the magni- 
tude of the systematic errors of the method. 

The final form of the manometer, as it was used in all the measu- 
rements is shown in fig. 5. This final form resulted from a great 
number of experiments and numerous changes. The tube A is made 


from the best quality of hard-glass, and connects two bulbs B of 
‘a. 39,9 mm. diameter with a volume of about 130 cubic centi- 
meters ; they possess 1,2 mm. wall-thickness. The bulbs must carefully 
be chosen, and be completely cylindrical throughout their full length. 
As the height is about 110 mm. it is not easy to find tubes of the 
desired quality. The capillary tube must have an internal diameter 
of about 1,7 or 1,8 mm., and a wall-thiekness of about 2,5 mm., 
and must be suitable for precision-measurements and carefully 
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calibrated. Its length is about 600 mm. Another tube D, of equa 
length, but about 7 mm. in diameter, serves as a connection to 
the gasapparatus. The capillary tube C’ bears at its top a silver 
tube “, overlapping the tube C; it communicates with C by means 
of a silver capillary tube, and can eventually be easily removed. 
The tube C is widened at its top-end to about 10 mm.. and con- 
nected with the silvertube in such a manner, that no dust of the 
room can contaminate the capillary tube C, while at the other end 
it communicates with a small reservoir ?, partially filled with octane ; — 
this for the purpose of preventing, as far as possible, the evapora- 
tion of the liquid in C. For this reason R is placed in the same 
thermostat as the manometer-tube. The connection of R with the 
atmosphere (or with the nitrogen) is made by means of an adjustable 
glass tube (£, which opens into a very wide connecting tube leading 
to a large flask with three mouths, which is provided with dry 
calciumoxide, with a small manometer, a tube with drying materials 
and with a connection to the nitrogen-holder. In the fig. 1 the octane- 
reservoir is indicated by C, the silver capillary tube by JS, the three- 
mouthed bottle by /. In the same way the manometer is indicated 
by w, the drying-tube by z,, and the connecting tubes by Qand H. 
The manometer is arranged in a glycerine-thermostat of the type 
usual in dilatometer-thermostats (Könrer), however its construction 
has been varied in some particulars. The thermostats commonly sold are 
quite unsuitable for this purpose, because they commonly show leakage 
or will show it very soon; then they cannot be used for glycerine, 
which was chosen because of its refractive index and low volatility, 
because this liquid will dissolve the paste used in setting the glass- 
windows, within a short time. Two rectangular frames were there- 
fore made of brass, about 3 em. broad, and soldered to the thermo- 
stat. These frames were smoothed as perfectly as possible and 
possessed an inside furrow about 5 mm. deep and 1 em. broad, in 
which a layer of very thin rubber paste, fixed by a solution of rubber 
(in carbonbisulphide), held the two glasswindows fast. Then a second 
layer of plastic rubber was applied, and the second brass-frame was 
uniformly pressed against the former with some forty screws. The ther- 
mostat holds 22 kilos of glycerine, but even after long use it shows no 
leakage. By means of a toluene-regulator 7’, a spiral-stirrer M with 
motor K, and a pair of small burners hb, and 6,, the instrument is 
kept at 25°, C. +0°1. L is a thermometer, divided in 0°,1 C. 
The support / is suspended from the lid H by means of four 
movable rods /. The manometertube can then be brought into a 
vertical position by means of the screws s,, s,, 5, and s,. Within 
23* 
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the thermostat and just behind the capillary tube C a glass-scale V 
is introduced, which possesses a very accurate division in 0,2 mm., 
by means of very fine lines (8 microns) made by the Compagnie 
Génévoise. The scale is read with a telescope and ocular-micrometer 
by the same firm, and at a distance of about 2 Meters; the enlarge- 
ment is about 25. During the readings the motor A must be stopped 
for a moment, because even the slight vibrations are rather annoying. 
The thermostat is wrapped with felt except for the narrow opening 
needed for the readings. Behind the manometer a ground glass-plate 
is applied, which is illuminated by two long, tube-straight-filament 
incandesecent-lamps, each of 50 candle power. Between the lamps and 
the thermostat, a watertank with glasswindows, is introduced, to 
prevent heat-radiation into the thermostat. With this mode of lighting 
the fine divisions and the octane-surface are seen very distinctly, 
without any observable parallax, against an illuminated background 
and readings can be made with extreme accuracy, with the aid of 
the movable eross-hair of the micrometer. However readings of less 
than 0,1 mm. appeared to be unnecessary, because of the fact, that 
the mean oscillations in the successive determinations of MH, were 
about + 0,05 mm. octane, the total uncertainty therefore being about 
0,1 mm. octane-pressure, or about 0,005 m.m. mercury-pressure. 

§ 8. To bring the capillary tube into a vertical position, a mer- 
curymirror was used: by means of the screws A, and A, (fig. 35) 
the position of the capillary tube is altered until its mirrorimage 
will seem to be in a straight line with the tube; the position of P, 
and P, is then fixed by means of the screw B. The capillary 
tube itself was originally made from purest, iridiumfree platinum ; 
this however appeared to be too soft, and so an alloy with 10°/, or 
20°/, of rhodium was used afterwards. It is impossible to get any 
suitable capillary tubes for this purpose from the shops in trade. 
Therefore the rough capillary tube with its widened (ca. 6 mm.) 
upper part, was purveyed by Herarvs; the lower end was then 
carefully turned off on the lathe to a conical and sharp edge, which 
was once more whetted on an oil-stone, if necessary. 

With some practice in this way the repairs of the damaged or 
worn capillary tubes can be accomplished within a relatively short 
time; and it proved to be possible to obtain a cross section of the 
tube, which in several directions did not deviate more than about 
0,002 man. from a pure circular shape, while the rim of the lower 
end measured no more than 0,01 m.in. 

The cross section was determined by means of a_ horizontal 
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microscope, provided with a micrometer of the muvable-cross-hairty pe 
with divided cylinder: the diameters were measured in ten or twelve 
directions, the squares of these numbers added, the total amount 
divided by the number of measured diameters, and the square root 
from this value considered as the true value for 27. With regard 
to the measurements to be made at extreme temperatures, and on 
account of the fact, that a whetting of the capillary tubes appeared 
to be necessary almost after every set of measurements, no tubes 
with a radius of less than 0.040 e.m. were used during these 
investigations. 

The platinum-rhodium-tube ends at its upperside in a carefully 
smoothed, polished brass disc; the tube of the adjustment-apparatus 
R possesses just such a smoothed circular brass-plate. As a washer 
between the two dises, a very thin ring of mica is used ; the capillary 
tube is screwed against the end of the apparatus &, and both tubes 
are then drawn together by the aid of two steel-keys, till the dises 
are firmly pressed against each other: in this way an absolutely 
gas-tight connection is obtained. This closure appears to be a very 
perfect one, and if it is often controlled, no leakage needs to be 
feared from this source. 


§ 9. The temperature-measurements were made with our calibrated 
thermo-couples and compensator-equipment, in the way always used 
in this laboratory *). Originally it was planned to connect the platinum- 
wire of the thermocouple directly to the end of the platinum-rhodium- 
tube by means of the oxygen-flame; this tube then being considered 
as the positive end of the thus obtained thermo-couple. However 
the perfect isolation of the tube at very high temperatures appeared 
to be a serious obstacle; so the idea was abandoned, and the usual 
thermo-couples, provided with isolating Marquarpt-capillaries, was 
fixed to the platinum-rhodium-tube by means of fine platinum-wires ; 
at the other end they were connected with the ice-box Y (fig. 2a). 
The wires of the element are bare over a distance of about 5 c.m. 
from the junction; this point les in the same horizontal plane as the 
lower end of the capillary tube, thus being in immediate vicinity 
of its opening. Of course all platinum parts within the furnace 
(crucibles, coils, ete.) need to be made from iridiumfree platinum, 
to prevent contamination of the thermo-couples as much as possible. 


§ 10. The adjustment of the capillary tube with respect to the 


1) F. M. Jagger. Eine Anleitung u.s. w. (1913), vid. p. 16—24. 
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surface of the investigated liquid, can be made in the following way. 
The surface of the liquid is strongly illuminated, and now attenti- 
vely the moment is watched, when the capillary tube, while screwed 
downwards, will just make contact with its mirror-image, seen in 
the surface of the liquid. At temperatures above 500° C. ordinarily not, 
and above 1000° C. never, a special illumination of the surface is 
necessary : for the liquid radiates then sufficiently to make the obser- 
vation of the moment of contact a very accurate one. If the tem- 
perature however becomes 1400° or higher, it is often no longer 
possible to discern the end of the capillary tube from the surround- 
ings: in these cases the adjustment must be made by the aid of 
the manometer, as is further below described in some details. 

This visual method involves, even after sufficient practice an 
uncertainty of about 0.1 mm. in the case of organic liquids, which 
corresponds to ca. 0,006 to 0,008 mm. of mercury in the determi- 
nation of the maximumpressure H. The percentage error of the obser- 
vation caused thereby, is about from 0,4 to 0,7°/, ; this uncertainty 
in the adjustment of the capillary tube on the surface of the liquid, 
really appeared to be the chief source of the errors, as has been said, 
and is hardly or not to be avoided. However just at higher tempera- 
tures this and in the case of molten salts, where H is very great, the 
accuracy of the method is only slightly affected by this uncertainty. 

The other way of adjustment is this, that the capillary tube is 
approached quite near to the surface of the liquid; then carefully 
a flow of nitrogen is applied, and then, while the capillary tube is 
slowly lowered by means of the micrometer-screw, by observation 
of the manometer, just the moment is determined in which a sudden 
rise of pressure, caused by the contact of the tube with the surface 
of the liquid, is seen. In this way the proposed aim was also often 
attained ; but the uncertainty appeared to be here of the same order 
of magnitude, as in the case of the visual method. Furthermore it 
is necessary to ascertain that the small column of liquid, which 
often remains hanging in the capillary tube, if turned upwards, 
has no misleading influence on this observation ; first this column of 
liquid needs to be biown out by the aid of a sufficiently strong flow 
of nitrogen, before the contact with the liquid is made in the way 
just described. 


§ 11. The manometer was originally calibrated by immediate 
comparison with a mercury-manometer, which was read by means 
of a cathetometer and a divided scale. The paralaxis appeared to 
be extremely small; the accurate adjustment of the mercury-surfaces 
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was highly facilitated, by putting a half transparent and diffusely 
illuminated sereen behind the manometertube, on which sereen black 
lines were drawn under an inclination of about 25° with the horizon 
in such a way, that their mirror-images in the mercury-surfaces 
were visible thereupon as a bundle of very fine and easily discern- 
ible dark lines. After the application of a certain excessive pressure 
to both manometers, two observers read simultaneously both instru- 
ments ; the manometers were connected with each other by a short, 
very wide tube, sufficiently protected against temperature-oscillations. 
As an example of this calibration, the following series of obser- 
vations may be reproduced here in detail : 


Mercury manometer. | Octane-manometer (25° C.) 
Temperature: — Observed Pressure | Rise of the octane column 
pressure: 1) el SN in mm. 

12,°4 7,00 6,99 | 124,8 
12,°6 10,23 1020 "| … 181,8 
12,°9 12,45 Melee! 220,8 
12,°3 9,13 sw ae 162,2 
12,°6 13,14 EE ANN 235,3 
fac 13,78 koto 245,0 
13574 12,44 12.49") 219,9 


A rise of the octane over 1 m.m. is therefore equivalent to an 
excessive pressure of 0,0561 + 0,0003 m.m. mercury (=74,8+0,4 
Dynes). 

After it was found, that our measurements of the free surface- 
energy of purest water, were in so complete agreement with those of 
VOLKMANN, Brunner, Worry, among others, we afterwards repeated 
this calibration in most cases by the accurate determination of y for 
pure water, at three or more temperatures. The factor of enlargement 
F of the manometer appeared after all to be only slowly variable: 
in Octobre 1913 e.g. it was: 17,91 in February 1914: 17,86; in 
June 1914: 18,10; ete. 


§ 12. The molten salts to be studied were in most cases placed 
into crucibles of iridium-free platinum; for the organic liquids we 
used vessels of glass of the shape indicated in fig. 7. A eylindrical 
glass tube P with rounded bottom possesses a narrower neck at 
A; a wider glass cup A is fixed round it. A tube G, closed with 
a stopper A, which is firmly fixed round the platinum capillary tube, 
possesses a collateral tube B, which ends into a drying tube G, which 
communicates with the free atmosphere at Z, and which is filled with 
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quick line. The vessel P is cleaned, care- 
fully dried, and if possible several times washed 
out with the vapours of the boiling liquid V; 
then it is filled again with a fresh quantity 
of the liquid V, while a layer of dry mercury 
is poured into W. The tube is placed into the 
oil thermostat, and the capillary tube with 
the part GBC fixed to it, is lowered then, 
till G makes contact with the surface of the 
mercury. If V has reached a constant tempe- 
rature, the capillary tube is further lowered 
by screwing it so far downwards, as is necessary 
to bring it just in contact with the surface 
of the liquid. This enclosure by means of mer- 
cury insures a sufficient freedom of motion, 
while the Jiquid at the same time can be shut 
off from the air *), and the small bubbles of 
nitrogen, emerging from &, can freely escape 
at C and Z,. All communications with the free 
atmosphere, which are present in the connect- 

Fig. 7. ing tubes of fig. 1, are provided with drying 
apparatus, filled with dry calcium-oxide. 


§ 18. All measurements now were made in such a way, that 
always the zero-point was controlled anew accurately, before and 
immediately after each reading of the manometer. One needs to 
ascertain first, that all connecting tubes (fig. 6) are free from 
leakage, and that a diminution of the speed of gas-flow has no 
influence any longer on the value of the maximum pressure H. 
After the highest point of the octane-column is reached the liquid 
falls suddenly back to a point, which depends upon the speed of 
gas-flow, and then it begins to rise again slowly; etc. By experience 
one learns to estimate the reliability of the measurements, by the 
particular motion of the octane in the manometer ; finally the repro- 
ducibility of the value of H needs to be considered as the decisive 
criterion for answering the question, if the real pressure of equili- 
brium in the gas-bubble has been measured. Even when the speed 
of gas-flow is varied within certain limits, this value appears to be 
reproducible quite exactly. The influence of the variation of the 
depth of immersion 7 on the manometer-readings, can be found by 


1) For if necessary, the air in the vessel P can be first substituted by a current 
of pure nitrogen, 
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repeated lowering of tne capillary tube over known distances by 
means of the micrometer-screw NV (fig. 3a), and by repeating the 
readings of the manometer in every case. 

In all calculations we used the number 1883.2 Dynes as the 
equivalent of 1 m.m. mercury-pressure at 0° C.; the surface-energy 
is expressed in Erg pro c.m.’. *) 


§ 14. As an illustration of the general availability of the method 
at all temperatures between — 80° C. and + 1650°C., we will give 
here already some few instances, relating to: water, some colloidal 
solutions, some organic liquids, and some molten salts. The specific 
weights of the organic liquids were, after a pycnometrical control 
at 25°C., calculated for other temperatures from the thermic expan- 
sion-formulae, if they were already sufficiently and accurately 
known in litterature. 

In other cases the densities at 25°, 50°, and 75° C were pycnome- 
tricaily determined, and a quadratic relation with three constants 
was calculated from these observations; this relation was used then 
afterwards for the determination of the other specific weights. In 
the case of the molten salts the specific weights must again be 
determined by means of a method to be described later. To use the 
numbers for the densities with more than three decimals, has no 
real significance, because the experimental errors are always of an 
order so as to make the influence of more decimals of no importance. 


§ 15. 

The curve (fig. 8) is evidently concave with respect to the tempe- 
rature-axis ; the temperature-coefficient of u is only small, and amounts 
to from 0,9 to 1,05 Erg. per 1° C. 

Furthermore in this diagram the corresponding curves are repro- 
duced for a colloidal solution of tron-oxide and for a colloidal solution 
of silicium-dioride ; from both solutions the electrolytes were elimi- 
nated as far as possible by longer continued dialysation. 

It appears, that both curves are evidently situated somewhat above 
that for the pure solvent, although the deviations for 4 from the 
values for pure water are only very small. The temperature-coeffi- 
cients are analogous to those for the solvent itself; however in the 
ease of the colloidal iron-oxyde it could be observed, that if 
such a solution was heated toa higher temperature, and if afterwards 
the determination of the surface-energy was repeated at the original 


1) The result is after all the same, as when expressed in “Dynes pro c.m,”. 
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ite 
WATER: H,0. 

5 | Maximum Pressure H 
2 . axi r I Gerace: Rpeciie Molecular 
ay i tension 7 in Surface. 
a lin mm. mer-| . Erg. pro em?.| gravity do} nergy # In 
5 ~ leury of 0°C. in Dynes cee = Erg. pro cm?. 
0.4| 2.593 3457 75.8 1.000 521.0 
2 2.583 3444 1555 1.000 518.9 

| 16.4 2.498 3330 73.0 0.999 502.1 

| 18.4 2.488 3317 12 0.999 500.0 

| 25 2.456 3275 1007 0.997 493.6 

says | 2.398 3197 10.0 0.994 483. 1 
37.8 2.383 Sia 69.7 0.993 481.3 
55 2.291 3055 66.9 0.986 464.3 
14.2 2.178 2904 63.6 0.975 444.8 
98.5 2.014 2688 58.9 0.960 415.8 
99.9 | 2.004 2672 58.5 0.959 414.0 


Molecular weight: 18.02. Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 mm. 


The value of z at 20° C. is thus 72.6 Erg. pro cm.?; it is more 
probable, than the often accepted value: 75.') The here mentioned 
numbers are in full agreement with those of VOLKMANN ?) (1880), 
BRUNNER 8) (1847) and Worrey 4) (1914); they differ however consi- 
derably from the values published by Ramsay and SHIELDS 5). 


lower temperature, for g a value was found, somewhat different 
from the formerly observed one with a fresh solution. Thus, although 
the iron-oxide-solution remains “stable” until relatively higher 
temperature and in general does not coagulate on heating, it seems 
however yet to undergo some zrreversible change, which is manifested 
by the somewhat changed value of the free surface-energy. 

The described method is evidently also adapted for the investigation 
of colloidal solutions of different nature; it is planned to determine 
these values so highly important for the chemistry of the colloids 
in the case of a more extended series of colloidal substances. 


1) FREUNDLICH, Kapillarchemie (1909), p. 28. 

2) VoLKMANN, Wied. Ann. 11, 177, (1880); 17, 353, (1882); 53, 683, 644, 
(1894) ; 56, 457, (1895); 62, 507, (1897); 66, 194, (1898). 

3) BRUNNER, Pogg. Ann. 70, 481, (1847). 

4) Worrey, Journ. Chem. Soc. 105, 266, (1914). 

5) The other points mentioned in the diagram, have the following significance : 

W = WetnserG, Z. f. phys. Chem. 10, 34, (1892); S= Ste, Diss. Berlin, 
(1887); R=RayLeicH, Phil. Mag. (5), 30, 386, (1890); Ss = Senvis, Ann. de 
Univ. Grenoble, 9, 1, (1887); H= Proctor Hatt, Phil. Mag. (5), 36 385, 
(1893); M=Macir, Wied. Ann. 25, 421, (1885). These data were obtained by 
very different methods; they are evidently appreciably deviating from each other. 


§ 16. 


Aliphatic Deriwatiwves. 
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i 
ETHYLALCOHOL : C,H;.OH. 

® 3 

FE Maximum Pressure H Surface- Shed Molecular 
a2 tension 7 PE Surface- 
o . . 
Bue hawaii _ mer in Erg. pro | gravity d,,.| energy ” in 
5” ete of 0° C a in Dynes em?. a Erg pro cm? 
— 799 1.066 | 1421.2 30.6 0.886 426.2 
—24 0.881 1174.5 25.2 0.820 369.6 

0.1 0.825 1086.5 23.3 0.807 345.4 

25 0.746 995.7 21.3 0.786 321.4 

35 0.724 965.2 20.6 0.777 313.1 

55 0.667 889.2 19.1 0.759 294.9 

74.5 0.617 822.6 17.6 0.741 276.1 


Molecular weight: 46.05. 


Radius of the capillary tube: 0.04385 cm. 
Depth: 01 mm. 


The alcohol was completely anhydrous and was therefore preserved 
in a bottle with drying-tube. At the boilingpoint (78°.4 C.) the 
value of 7 is 17.0 Erg. pro cm?. The mean temperature-coefficient of 


„is only: 0.94 Erg. 


III. 


Acetic Acip: CH,.COOH. 


o : 

3 Maximum Pressure H Surface- pele a Molecular | 

ec tension 7 ae Surface- 

o . . 

Ba ie gee in Erg. pro | gravity d,,, energy ” in 

Ee cury of 0° C. in Dynes em?. = Erg. pro cm? 
— E ee ee —. ee rn 

26° 0.943 1257.2 27.0 1.046 401.7 

34.6 0.914 1218.5 26.1 1.039 390.1 

55 0.842 1122.3 24.0 1.022 362.7 

70 0.787 1049.3 22.4 1.010 341.2 

98.5 0.691 - 921.3 19.7 0.987 304.7 


Molecular weight: 60.03. 


between 26° and 55° C 


Radius of the capillar tube: 0.04385 cm. 
Depth: 0.1 mm. 


By repeated freezing and distilling, the liquid was thoroughly 
purified; its ROSE: was 118°.1 C. The temperature-coefficient is 
: 1.3 aud preserves that value up to the boiling- 
point. At the last temperature the value of 7 is: 17.7 Erg. pro em2. 


Specific Surface-energy 7 
in Ergs pro c.m?. 
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Fig. 8. Surface-tensions of pure water and colloidal solutions 
at different temperatures. 


Although acetic acid doubtless is a gradually dissociating liquid, 
and in accordance with this manifests only a small temperature 
coefficient of u, this last remains constant, contrary to the cases, 
where the curves appear to be concave or convex. 


IV. 


DIETHYLMALONATE: COO (C,H;). CH, .COO(C,H;5). 


o : 

=| Maximum Pressure H Surface- | Molecular 

eg tension 7 Specific Surface- 

© : ° 

Qe |: ata in Erg. pro | gravity d,,.| energy » in 

a” cury of 0° C. in Dynes em?. Erg pro cm?. 
le} 

—19.9 1.237 1649.2 35.5 1.095 985.3 
0.7 1.167 1555.8 33.5 1.075 941.2 
8.5 1.142 1523.2 32.9 1.068 928 .4 

202 1.077 1435.9 31.0 1.050 884.8 
34.5 1.044 1391.9 30.0 1.041 861.2 
50.1 0.994 1325.2 28.5 1.025 826.6 
69.2 0.920 1226.8 26.3 1.005 712.9 
102 0.804 1071.8 23.0 0.969 692.5 
124.5 0.723 963.9 20.6 0.945 630.7 
144 0.660 880.2 18.8 0.924 584.3 
148.7 0.649 866.4 18.5 0.919 577.1 
171 Umer 761.6 16.2 0.896 513.9 


§ 17. Aromatic Derivatives. 


Molecular weight: 160.1. 


Radius of the capillar tube: 0.04385 cm. 
Depth: 0.1 mm. 


The compound boiled constantly at 1979.3 C.; at — 50° C. it is 
solidified. At the boilingpoint the value of / is about: 13.7 Erg pro 
em?.; the temperature-coefficient of » has as mean value: 2.52 Erg. 


V. 


| 


| 


BENZENE: Cs He. 


Maximum Pressure H 


in mm. mer- 


Temperature 
in 9 C 


Surface- 
tension 7 in 


Erg. pro cm?. 


Specific 


gravity do 


Molecular 
Surface- 
energy „in 


eury of 09°C.) ™ Dynes Erg. pro cm?. 
le) 
5.4 1.077 1436.7 30.9 | 0.895 607.7 
9.5 1.055 1406.5 30.2 0.889 596.6 
2: l 0.969 1291.9 2. 0.873 553.8 
35 0.920 1226.5 25.3 0.862 530.5 
55 0.836 1114.6 23.8 0.841 487.8 
74.6 0.757 1009.2 21.6 | 0.817 451.4 


Molecular weight: 78.05. 


Depth: 0.1 mm. 


Radius of the Capillar tube: 0.04385 cm. 


Although the mean value of the temperature-coefficient of » oscil- 
lates round 2.0 Erg., the dependence of « and ¢ is not a linear one: 
between 5° and 25° the coefficient is: 2.65; between 25° and 55° C.: 
2.12; and between 55° and 75°: 1.95 Erg. At the boilingpoint (80.°%), 
the value of z is: 20.7 Erg. 


Molecular weight: 108.6. 
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NE 


CH, . O, C‚Hs. 


| 


Surface- 
tension 7 in 
Erg. pro cm?. 


Specific 


gravity d 40 


Molecular | 
Surface- | 
energy in | 
Erg. pro cm? 


| ANISOL: 

| Dv 

| 3 | Maximum Pressure H 
SO | 

CMS EE TEE er Ream 
Se iis mm. mer-| Dv 

| 2 ‚eury of 0° C. ee 

| | 
ee 1.875 1833.6 
0.4 1.306 1741.7 

25 1: 210 1613.1 
45 1.137 1516.5 
74.4 1.2022) sf, | 1960279 
90.8 0.962 1282.2 
110 0.875 1167.3 
134.7 0.765 1020.2 
151 0.700 932.9 


HSH DON DDW WW 
Om hAOCOM HAO 
OO ml Om OID WW 


1.029 
1.010 
0.987 
0.970 
0.942 
0.927 
0.907 
0.882 
0.865 


874.8 
| 840.6 
791.9 
| 152.5 
687.0 
653.9 
602.9 
| Door 
| 494.8 


Depth: 0.1 mm. 


Radius of the Capillar tube: 


The boilingpoint was constant at 151.°7 C.; at —50° the substance 
crystallizes to a beautiful, hard aggregate of crystals. The tempera- 
ture-coefticient of » increases, just as in the case of water, with 
increasing temperature: between —21° and 45° C. itis: 1.88; between 
45° and 90°.8 C. it is: ca. 2.14; between 91° and 151° its mean value is: 2.63. 


VIE. 


0.04352 cm. 


| 
| 


PHENETOL: C,H,.O.(C,Hs;. 


5 Maximum Pressure H Surface- Molecular 
Be on tension 7 ee Surface- 
© . ° 
=e in mm. mer- | EE in Erg pro | gravity dro EDEN Ei 
2 | cury of °C, | EE a aes em? | Erg pro cm?, 
— 21° | 1.289 | 1718.5 36.8 | 1.006 902.1 
0.3, L203 TOUT 34.6 0.986 859.6 
25.2) ATIE | 1489.0 31.8 | 0.062 803.1 
45 1.037 1383.3 29.5 ! 0.943 755.0 
74.3) 0.931 | 1240.8 26.4 0.914 689.9 
90.6| 04815 OF) LllGES 24.8 0.899 655.3 
110 0.813 1084.6 23.0 0.889 612.3 
134.7) 0.734 979.0 20.7 0.855 565.6 
150.1] 0.687 915.9 19.3 0.849 529.8 
160.5} 0.651 868 .6 18.3 | 0.839 


Molecular weight: 122.1. 


Depth: 0.1 mm. 


Radius of the Capillar tube: 0.04352 em. 


The boilingpoint is constant at 168°; the substance solidifies at 


0° 40. 


506.3 
| 
| 


to an aggregate of long, colourless needles. The tempera- 


ture-coefficient of » can be considered as constant, its mean value 
being: 2.14 Erg. 


ANETHOL: CH30 . CH, . CH: CH . CH; (1.4) 


| 


5 Maximum Pressure = Surface- kes AR ‚_ Molecular 
Sa Yo tension del Epa Surface- 
Be | in PEEN Oe ‚in Erg pro gravity d,, energy » in 
5” cury of 0° C. | in Dynes cm?. | “i Erg pro cm?! 
HA, | 4 

“24.7 1.267 1689. 2 36.2 0.988 1021.8 
"45.5 1.188 1583.8 33.9 0.969 969.1 
“15.1 1.078 1438.4 30.7 0.944 893.0 

*94.2 Ole 1355.7 28.9 0.927 850.9 
115 0.929 1239.0 26.9 0.908 803 .0 
135.1 0.865 1153.4 25.0 0.890 756.4 
160.9 0.787 1049.8 22.1 0.867 698.9 
192.8 0.689 919.1 19.8 0.838 623.6 
212.7 0.625 833.5 18.0 0.820 515.5 

| 230 0.588 7183.9 16.9 0.809 544.9 


Molecular weight: 148.1. 


The boilingpoint was constant at 230°.5 C.; the meltingpoint is: 2195 C, 
Between 25° and 75°C. the temperature-coefficient of » is about: 2.53; 
later on it becomes fairly constant: 2.25. At the boilingpoint the value 


of 7 is: 1.68 Erg pro cmf. 


Radius of the Capillar tube: 0.04439 em.; 
in the with * indicated observations, the 
radius was: 0.04352 cm. | 


Depth: 0.1 mm. 


IX 


— GuasacoL: CH30.C,H,. OH (1,2). 


| © 
5 Maximum Pressure H ) : 
Bets | Surface- Specific pn 
So ] | tension in len 
5 \inmm.mer-| , (Erg. procm2., gravity do, energy # in 
| 5 7 lewy of 0° C.| ees | ah eel ‚Erg. pro cm?. 
= | | uy Salt 
26° 1.377 1 36.4 43.3 1.128 994.0 
| 45.5 | 1.302 1736.4 40.9 1.109 C49.6 
66.5 1.224 1632.4 38.4 1.088 902.9 
86 1.156 1540.7 36.2 1.058 861.8 
106 1.087 | 1449.1 | 34.0 1.048 819.7 
125 1.024 | 1365.8 32.0 1.029 780.9 
146 0.954 | 1265.9 | 29.6 | 1.008 732.4 
166 0.874 iA 1166.0") | 21.2 0.988 682. 1 
184 0.803 1070.2 | 24.9 0.970 632.1 
206 0.718 | 957.7° | 28.3 0.948 514.8 
| 


Molecular weight: 124.06. 


2.66 Erg. 


Radius of the Capillar tube: 0.04803 cm. 


Depth: 0.1 mm. 


The substance boils under 24 mm. pressure at 106°.5 C. ; the melting- 
point is 32° C. The temperature-coefficient of » is between 26° and 
46° C.: 217; between 146° and 206° the curve is feebly convex to 
the taxis and the mean value of the coefficient is therefore about: 


BE: 


RESORCINE-MONOMETHYLETHER: C,H, (OH). (OCH) (1,3). 


5 Maximum Pressure H Molecular 
He) Surface- Specific Gavtace: 
BO goo be "cee TE eenn ; 
a in mm. yi vitv d,..| energy in v 
Elis mercury of | in Dynes Erg pro cm’. Se ke eon cm2, 
& o | 
— 209 2:D22 3495.6 83.1 1.181 1850. 1 
0 1.636 2181.1 51.6 1.161 1161.9 
25.9 1.462 1948.8 46.0 1.136 1051.0 
45.9) 1.380 1840.5 43.4 1.119 1001 .6 
66.5) 1.318 gah: pl 23 41.4 1.102 965.2 
86.5 1 2252) bod) ce 1669 39.3 1.082 927.5 
107 1.196 | 1594.9 31.5 1.061 896.7 
125 1.140 1519.9 35.7 1.044 862.9 
| 146 | 1.075 1433.2 33.6 1.023 823.2 
166 1.009 1345.0 31.5 1.003 782.0 
184 0.956 1274.2 29.8 0.986 748.2 
| 206 0.862 1149.4 26.8 0.965 682.6 


Molecular weight: 124.06. 


Depth: 0.1 mm. 


The observations over 180° C. 


XI. 


Radius of the Capillary tube: 0.04803 cm. 


Under 25 mm. pressure, the compound has a boilingpoint of 144°C. 
relate to the substance already 
slightly dissociated, as was seen from the brownish colour of the 
liquid. At —79° C. it becomes glassy, without indication of crystal- 
lisation. At 0° and — 20° C. also, the viscosity of the liquid is still 
enormous. 


RESORCINE-DIMETHYLETHER : C,H, (OCH3), (1, 3). | 


| 


= Maximum Pressure H | Molecular | 
85 E : Surface- Specific Surface- 
52 ension % in 
a, in mm. : d energy # in 
zE mercury of | in Dynes | Erg pro mf. gravity d4o Erg pro cm2. 
= Dea: | 
— 229 1.520 | » 2026.5 44.3 1.104 1107.9 
0 1.419 1892.3 41.3 1.084 1045.6 
25 1:325 1766.2 38.6 1.064 989.4 
45.3 1.250 1667.0 36.4 1.046 944.3 
10.5 1.166 1554.4 33.9 1.022 893.2 
90.1 1.090 1453.2 =) BAT 1.004 844.6 
116 1.007 1342.7 29.2 0.980 790.6 
135.3 0.943 1251050 2153 0.963 TA7.9 
162.4 0.781 1041.0 24.4 0.939 679.8 
|*189.9| 0.700 932.8 21.8 0.914 618.4 
LO 0.637 849.5 19.8 0.894 570.0 


wich melts at —52°C. At lower temperatures, as far as to 0° 


Molecular weight: 138.08. 


Radius of the Capillary tube: 0.04439 cm; 
in the with * indicated observations the 


radius was: 0.04803 cm. 
Depth: 0.1 mm. 


The substance has a constant boilingpoint at 2149.5 C.; the liquid 
| can be undercooled to — 76° C., and solidifies to a crystal-aggregate, 


C., the 


temperature-coefficient of » is rather large: 2.83 Erg; later it is fairly 


| 
if 
a 


constant, with the value: 2.25 Erg. 


HYDROCHINON-DIMETHYLETHER: C,H, (OCH), (1,4). _ 


tool 

5 ; | Maximum Pressure H Surface- Molecular 
ce tension x SER Surface- 
Oo : . . 
ag in mm. in Erg ravitv d,.| energy „in 
8= | mercury of | in Dynes pro cm. a Es Erg pro cm2, 
i=] 0° C. | | 

66° 1.106 1474.5 34.7 1.036 905.4 
86.5 1.031 1374.1 32.3 1.008 858.3 
106 0.974 1299.2 30.5 0.990 820.3 
126 0.909 1213.8 28.4 0.976 THA 
146 0.843 1124.4 26.4 0.957 726.2 
166 0.775 1032.7 24.2 0.938 674.7 
184 0.709 945.3 2251 0.921 6231 
206 0.628 837.0 19.5 0.901 558.4 


Molecular weight: 138.08. Radius of the Capillary tube: 0.04803 cm. 
Depth: 0.1 mm. 


The meltingpoint of the substance is at 56° C.; it boils under a 
pressure of 20 mm., at 109° C. On cooling first a glass is obtained, 
which gradually crystallizes in fine needles. Between 66° and 106° 
the temperature-coefficient of » is about: 2.11; between 106° and 166°, 
about: 2.46; and between 166° and 206° C., about: 2.88 Erg. The 
relating curve is therefore concave to the t-axis. 


§ 18. Heterocyche Derwatwes. 
XIII. 


PyRIDINE C;H;N. 


E Maximum Pressure H Surface- am Molecular 
go tension % B Surface- 
BR in mm. in Erg gravity d,,| energy in 
a= | mercury of | in Dynes in em2. 4 Erg pro cm?. 
af QG: 

| 
—19 | 1.698 2263.8 48.9 1.078 827.8 
—20.5 1.430 1906.5 41.1 1.018 722.9 
0.1 1.329 1771.8 38.1 0.998 679.0 

25 1;215 1619.8 34.9 0.975 631.8 

35 1457 1569.2 33.8 0.962 607.3 

55 1.099 1465.2 ol ae] 0.942 583.4 

14 1.022 1362.5 29.3 0.923 550.1 

92.5 0.960 1279.9 ied 0.904 523.5 


Molecular weight: 75.09. Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 mm. 


The pyridine crystallizes readily at —52° C.; thus the measurements 
at —-79° C. relate to a strongly undercooled liquid, The curve, giving 
the dependence of « and ¢ is not quite regular. At the boilingpoint 
(114°.5 C.), the value of x is: 25.2 Erg pro cm’. 


re a 5 
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XIV. 


a-PICOLINE: C,H, (CH3) N. 


| 


= . | Maximum Pressure H Surface- d | Molecular 
3° tension ; Specific | Surface- 

HO 76 

Bia in mm. in Erg gravity d,.| energy # 
a mercury of in Dynes pro cm?. x 4 in Erg 

af | 0° Cc: 

—7(He 1.505 2007.1 47.4 1.036 — 950.8 
—20.7 1.246 1661.5 39.2 0.986 SI 
0 1.165 155352 36.6 0.965 169.7 
25.8 1.074 1432.4 33.7 0.940 12152 
46 0.999 133225 31.3 0.920 679.6 
66.5 0.928 1236.9 29.0 0.900 638.9 
86.5) 0.846 1128.57" "| 26.4 0.881 590.0 
106 0.787 1049.3 24.6 | 0.862 551.8 
126 . 0.718 957.7 | 22:5 | 0.842 518.2 


Molecular weight: 93.07. Radius of the Capillary tube: 0.04803. | 
Depth: 0.1 mm. 


The liquid, which is boiling constantly at 133°.5 C., can be under- 
cooled as far as — 74° C.; it solidifies at — 64° C. and melts there 
very rapidly. Between — 70° and — 21°, the temperature-coefficient 
is about: 2.83; afterwards the mean value remains about: 2.02 Erg. | 


EEN 
CHINOLINE: C6H4.N. C3H3. 


| 
Ein tension „ | Specific Surface- 
o | . E . . 
Qe |; fees in Erg. pro ravity d,,.| energy „ in 
E “ leury of 0°C,| in Dynes em. |” * Erg. pro em’. 
—21° 1.682 2242.4 49.1 1.124 1160.0 
0 1.608 | 2143.8 47.0 1.108 121541 
*24.8 1.562 2082.5 44.7 1.089 | 1078.6 
*45.2 1.486 | ~;:198tsl 42.5 1.073 1035.6 
“14.3, 1.379 1838. 2 39.4 1.051 973.5 
*94.7) 1.803 74, 0 ATS 37.2 | 1.034 929.1 
115 1.2105) > 161820 35, 2 1.018 888.4 
135,2) 4e 1.035 St ial 33.0 1.002 841.7 
160 | 1.047 | 1395.9 30.4 0.981 786.4 
192.5 0.929 | 1239.0 26.9 0.954 708.9 
28e 0.855 1139.9 20.7 0.938 658.3 
| 230 | 0.797 | 1063.3 23.0 0.924 619.2 
| | | 


Molecular weight: 129.07. Radius of the Capillary tube: 0.04439 cm.; 
in the with * indicated observations, the 
radius was: 0.04352 cm. 

Depth: 0.1 mm. 


The boilingpoint was constant at 233° C.; the liquid can be under- 
cooled as far as —50°, and then crystallizes, melting readily at —25° C. 
The temperature-coefficient of » increases with the temperature: 
between —21° and 45° C. it is: 1.92; between 45° and 115° C.: 2.10; 
between 115° and 230°: 2.33 Erg. At the boilingpoint the value of x 
is: 22.7 Erg. pro cm’. 
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Molecular Surface: Fig. 9. 
energy, in Erg pro c.m?. 
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Some of the curves, which relate to these organic liquids, are 
reproduced here in the usual graphical way (fig. 9) ; the corresponding 
critical temperatures of the liquids, so far as they are known, are 
mentioned and written between () behind the names of the 
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substances investigated. 


19. Salts of the Alkali-Metals. 


XVI. 


PoTASSIUMCHLORIDE: ACI. 


2 


Molecular weight: 74.56. Radius of the Capillary tube: 0.04736 cm. 
at 15°C. The expansion-coefficient is here 
0.0000083. 
Depth: 0.1 mm. 


The salt melts sharply at 771° C.; after four hours heating between 
900° and 1100°, it solidifies at 769°C. It evaporates rapidly at 980°, 
at 1160° with great speed. Just as in the case of the other alkali- 
salts, the vapours are doubtlessly acid, while the solidified mass gives 
an alkaline reaction, if dissolved in water. The gradual dissociation 
lowers the value of the maximum pressure more and more, as is 
seen from repeated experiments after a longer heating 1100° C. 

As some illustrations of the changes caused by the commenced 
dissociation of the salt, the following measurements are given, which 
were máde after a heating at 850° and 1150° C. during full four hours: 


At 848° C. the maximumpressure was found to be 2.821 mm. mercury 
904 ” ” 9 ” ” ” ” ” 2.720 


” » ” 
” 941 ” ” ” ” ” ” » ” 2.645 ” ” 
” 956.5 ” ” ” ” ” ” up lj) 2.615 ” ” 
” 1037 ” ” ” ” ” ” ne PD 2.455 ”„ ” 


All values are evidently lower than the previously observed ones, 
and at the lower temperatures, at which the observations were made 
after the longest heating of the salt, the decrease is most appreciable. 


o «a : 

S a Maximum Pressure H Surface- Molecular 
238 —_—— | tension 7 oe Surface- 
© : . 
i Ol; EE Iae in Erg pro | gravity d,.| energy „in 
a naar Oe. C. in Dynes em?. : Erg pro em’. 
ger Nats | 

fe) | | 

199.5 8-05. „| 4019 95.8 1.509 1290.0 
827.1 2.991 | 3942 | 94.0 1.492 | 1275.3 
861.5 2.013, A 3830 91.3 DAO...) "120050 
Seal ZS 3158 | 89.7 14-456" 4 237-0 
908.5 2.768 3690 88.0 1,442 | 1221.3 
‚941 2:60, wi 3595 | 85.8 154210) 120256 
986 | 2.582 | 3442 82.2 1.396 1165.8 
1029 2.484 3311 79.1 — — 
1054 2.425 3233 | 11.2 -- — 
1087.5| 2.361 3147 15.2 ~ — 
1103.6 2.313 3083 13.1 ~~ — 
1125 2.210 3033 12.5 — — 
1167 2.182 2909 69.6 — — 
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XVII. 


POTASSIUMBROMIDE: ABr. 


Temperat. Maximum Pressure H Surface- 
im? G Ss Se ae eee: pONSION® HEER 
in mm. 
(corr.) eae of | in Dynes | Erg. pro cm?. 
0° y d 
le) 
115 ‚ 2.702 3602 85.7 
198 2.642 3522 83.8 
826 2.585 3446 82.0 
859 2.504 3338 10.5 
886.5 2.450 3266 71.8 
920 2.376 3167 15.4 


Molecular weight 119.02. 
Radius of the Capillary tube : 0.04728 cm. at 15°C. 
Depth: 0.1 mm. 


The dissociation and splitting off of hydrogen- 
bromide and bromine is observed at 825° C. At 
940° C. the evaporisation and dissociation of the 
salt have become so rapid, that measurements 
at higher temperatures seemed to be without 
any real significance. 


XVIII. 


POTASSIUM IODIDE: KJ. 


| 


Temperat. Maximum Pressure H Surface- 
me Jie tension! x 
(corr. on in mm. in Erg 
G. Th.) mercury of | in Dynes pro cm?. 

ge C; 
737 2.372 3162 15.2 
164 2.274 3031 dae 
812 2.183 2910 69.2 
866 2.106 2807 66.8 
873 2.097 2795 66.5 
| 


Molecular weight: 165.96. 
Radius of the Capillary tube: 0.04728 cm. at 15° C. 
Depth: 0.1—0.2 mm. 


The salt melts at ca. 700° C. Already at 750° C. 
it evaporates rather rapidly, and at 900° C. with 
dissociation into hydrogen-iodide and iodine. Meas- 
urements at higher temperatures can have hardly 
any significance. 
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XIX. 


SoDIUMCHLORIDE: NaCl. 


o F 

= —& | Maximum Pressure H Surface- Molecular 
EOS tension SPECIE Surface- 
o = : . 
gs | RN in Erg. pro! gravity d,.| energy “in 
ae Gite a 0° €. in Dynes em’, 4° erg. pro em? 
Pie 

802.6 3.580 4772 113.8 1.554 1275.9 
810.5 3.572 4762 WSs) 1.549 1275.4 
820.8 3.002 4735 112.9 1.543 1270.8 
832 3.520 4692 111.9 1.537 1262.6 
859 3.457 4608 109.9 1.523 12471 
883.2 3.401 4534 108.2 — — 
907.5 3.345 4459 106.4 — — 
930.6 3.285 4379 104.5 — — 
960.5 3.227 4302 102-7 — — 
995.5 3.132 4115 99.7 — -- 
1037 3.047 4062 97.0 — — 

1080 2.951 3934 94.0 — — 
1122.3 2.864 3818 91.3 — — 

UT OT Ws 2.761 3681 88.0 “= — 


Moleculair weight: 58.46. Radius of the Capillary tube: 0.04736 cm. at 
15°C 


The pure salt melts at 801° C. At 1080° it evaporates already rapidly, 
at 1150° C. very rapidly. The temperature-coefficient of « calculated in 
the few cases, where values of specific gravity were available, is very 
small: about 0.57 Erg. The solidified mass gives in water a rather 
strong alkaline reaction; the vapours of the heated salt have an acid 


reaction. 


Depth: 0.1 mm. 


SODIUMSULPHATE: Na,SO,. 


oo a 
Eee = Maximum Pressure MH Sne 
s O 
So a tension xin 
8 A 3. |inmm.mer-| . D Ere pro em? 
o Bet Gury of ORG, (om 7 JOE EP 
ABS 
900° 6.285 8379 194.8 
945 6.247 8328 189.3 
990 6.209 8278 188.2 
1032 6.149 8197 186.5 
1077 6.088 8116 184.7 


Molecular weight: 142.07. 
Radius of the Capillary tube: 0.04512 cm. 
Depth: 0.1 mm. 


The pure salt melts at 884° C. If heated 
to 11009 C. the solidified mass, gives in water 
a rather strong alkaline reaction, indicating 
a dissociation. Measurements at higher tempera- 
tures than 1100° C. thus seemed to be useless. 


XXI. 
SODIUMMOLYBDATE: Na,Mo0,. 


| 


Maximum Pressure H | SES 


tension x in 


Temperature 
in 9 C 
(corr.) 


Mur of0ec, | im Dynes | Erg pro em? 
698.5 6.091 8122 214.0 
728.5 5.975 7967 210.0 
751 5.921 7893 208.1 
717 5.828 77170 204.9 
818.8 5.757 1675 202.4 
858.5 5.657 7542 199.0 

| 903.8 5.552 7401 195.4 
948 5.436 7247 191.4 
989.5 5.330 7106 187.7 
1035 5.224 6966 184.1 
1078.5) 5.141 6854 181.2 
1121.5 5.070 6760 178.8 
1171.5 4.998 6654 176.1 
1212 4.947 6595 174.6 


Molecular weight: 206. 
Radius of the Capillary tube: 
0.05240 cm. 
Depth: 0.1 mm. 


The compound melts at 687° C. to a 
colourless liquid. 


XXII 


LITHIUMSULPHATE: Li,SO,. 


E Maximum Pressure H Surface- 
[zo 5 tension 7 
oo Ss ; : 
\2a5°9! in mm. in Erg 
| B-= |, mercury of | in Dynes pro em?. 
= O°. 
860° 6.361 8481 223.8 
873.5} 6.342 8455 223.1 - 
897 | 6.303 8403 221.8 
| 923 6.256 8341 220.2 
| 962.5;  6°169 8224 217.4 
976.8, 6.146 8194 216.4 
1001.2 6.099 8132 214.8 
1038.5 6.027 8035 212.3 
1057 5.987 7982 211.0 
1074 5.953 7936 209.8 
1089.5 5.923 7897 208.8 
11112 5.879 7838 207.3 
1156.5 5.791 7120 204.2 
1167.5 5.166 1687 203.4 
(1183.5 Dal 7649 202.4 
1192.2 5.718 7624 201.8 
1214 5.675 7566 200.3 


Molecular weight: 109.94. 
Radius of the Capillary tube: 
0.05240 cm. at 16° C. 
Depth: 0.1 mm. 


The salt was prepared frompurest lithium- 
carbonate and sulfuric acid, carefully dried 
and heated at 900° C.; it melts at 849° C. 
After being heated to 1200° C., the substance, 
shows an alkaline reaction with water. Also 
here it is of little significance, to pursue the 
measurements to higher temperatures. 


XXIII. 


LITHIUMMETASILICATE: Li,Si03. 


1601 | 10.90 14532 | 346.6 


5 a Maximum Pressure H Surface- 
EE ee tension 7 
oOo Oo =| 5 . 
a. 8 in mm. in Erg 
5 eae = mercury of | in Dynes | pro cm2. 
5 2 2 6 | 
12540 11.82 | 15759 374.6 
1380 11.29 15052 358.2 
1421 Li 22 14958 356.2 , 
1479 Eet 14812 352.8 
1550 10.97 14626 348.7 


Molecular weight: 90.01. 
Radius of the Capillary tube: 0.04706 cm. 
Depth: 0.1—0,2 mm. 


The analysed metasilicate was perfectly pure. It 
melts at 1201°C. The temperature-coefficient of » is 
very small. 
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$ 20. In the case of PorassrumcHrLORATE: KCIO,, the maximum 
pressure H was 3,573 mm. mercury at 413°.5 C; at 443°.5 C. 
it was: 3,540 mm. The radius of the here used silver-capillary tube 
being: = 0.03460 cm., the free surface-energy is calculated : 

At 413°5 C. ,=82,4Erg. pro cm’. 
At 443°.5 C. y= 81,6 Erg. pro cm’. 

At the last mentioned temperature the salt commenced to decompose 
already distinctly, while O, was split off; at higher temperatures 
therefore the values of yx appeared to zncrease gradually by the 
generation of KC/O, and KCI. 

It was not possible therefore to investigate the values of the 
temperature-coéfficients at higher temperatures; in every case however 
they seem to be rather small. 

With SrLvERNITRATE: AgNO,, the value of x is about 164 Erg. 
pro em°. at 280°C; at 410°C. it is about 153.8 Erg. In this case 
the temperature-coefficient is also in the neighbourhood of 0.6 or 0.9, 
— this being a rather small value too. . 


§ 21. It is not my intention, to discuss now already the here 
mentioned data, nor to add the remarks, which are suggested thereby. 
It is better to postpone that task, until the complete experimental 
material now available will be published. The given instances may 
however prove, that the question: how to measure the sur face-tensions 
of liquids with great accuracy within a temperature-interval, from 
— 80° C. to 1650° C., may be considered now as completely solved. 


Groningen, May 1914. Laboratory of Inorganic Chemistry 
of the Unwersity. 


Chemistry. — “The Temperature-coefficients of the free Surface- 
energy of Liquids, at Temperatures from —80° to 1650° C”’. 
II. Measurements of Some Aliphatic Derivatives. By Prof. 
Dr. F. M. Jancer and M. J. Smit. (Communicated by Prof. 
P. v. RomBureH). 


§ 1. In what follows the data are reviewed, which were obtained 
by us in the study of a series of aliphatic derivatives after the’ 
method formerly described by one of us’). 

With respect to the liquids here used, we can make the following 
general remarks. No product of commerce, not even the purest ob- 


1 F, M. JAEGER, These Proeeedings (1914), 
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tainable, can be esteemed suitable for this kind of measurements: the 
small traces of humidity already, which even the best chemicals always 
contain, are sufficient to make the results unreliable. Most of the orga- 
nical liquids of commerce however seem to contain several admixtures, 
in small quantities or even larger quantities of water. We often 
obtained a first purification by distilling a small fraction from it, 
whose boiling point remained constant between 1° or 2° C. In 
several cases even this appeared not to be possible: in such case the 
preparation was dried during some days by means of anhydrous 
sodiumsulphate; then, if the special character of the substance did 
not forbid this, it was dried again during a long time by means 
of freshly sublimed phosphorpentoxide, after which the fractional 
distillation was tried again. Commonly it appeared to be possible, 
to separate from it a fraction, whose boiling point remained constant 
between 1° or 2° C. With some preparations we succeeded in drying 
them by means of metallic sodium. After very dry fractions, boiling 
within a few degrees, had been obtained in this way, they were once 
more distilled with a small flame only, or on the water-bath, under 
atmospheric or reduced (12—20 mm.) pressure; in this operation 
only the fraction, boiling within an interval of 1 C°, was used 
for further treatment. The liquid was then cooled during several 
hours in a closed vessel, by means of a mixture of salt and ice, 
or by a bath of solid carbondioxide and alcohol. If it crystal- 
lized, a further purification was often possible by repeated 
freezing and decanting. Often a very thin layer of a solid substance 
(eventually of ice) was deposed at tbe walls of the vessel, the rest 
remaining liquid and transparent; the liquid portion was poured 
into a dry, clean vessel then, and the said operation repeated, 
till no solid layer any more appeared. [f however the phenomenon 
continned to appear, the liquid was treated again at least during a 
week with fresh phosphorpentoxide, and the freezing repeated again 
and again. Finally the purified liquid was distilled once more under 
atmospheric or reduced pressure; only the fraction, boiling within 
half a degree was collected then for the measurements. It is hardly 
necessary to mention, that hygroscopical liquids were preserved and 
treated in a suitable manner. The thus obtained liquid was commonly 
only a {very small fraction (10°/, or 20°/,) of the original commer- 
cial preparation; it must be remarked, that the observed boiling- 
temperatures often differed appreciably from the data, given in the 
literature, and in several cases appeared to be lower than those; 
— which perhaps can be explained by the fact, that in the distil- 
lations, described in the literature, the liquid was heated too rapidly. 
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In our experiments the speed of distillation often did not exceed 
about six drops every minute. In some cases, e.g. with toluene, it 
was impossible to distil from the product of commerce a fraction, 
fulfilling all conditions; in such cases the substance was prepared 
in some other way, e.g. the mentioned toluene by dry distillation 
of purified calciumphenylacetate; etc. In the series of compounds 
described, several were taken from the collection of scientific prepa- 
rations of this laboratory; from these also only the small, constantly 
boiling fraction was used for our purpose. _ 


§ 2. Notwithstanding the by no means negligible differences of 
the boilingpoints observed, the specific gravities of the liquids in 
most cases differed only slightly or not at all from the data, given 
in the literature. If this was the case, — and we always controlled 
this by some pycnometrical determinations at 25° C., — the specific 
gravities at other temperatures were calculated from the expansion- 
formulae eventually already determined. If the direct determination 
of d?;* did not agree with the number, given in literature, or if the 
expansion-formula was not known accurately enough, three specific 
gravities, e.g. at 25°, 50°, and 75° C. or at a higher temperature, 
were determined pycnometrically, and from these determinations an 
empirical equation of the second degree with respect to ¢, was calcu- 
lated. This is completely sufficient here, because the specific gravities 
were all abbreviated with three decimals: an account of the densities 
in more than three decimals, must be esteemed valueless here, with 
respect to the obtained accuracy of the measurements. With most 
liquids, the mean decrease of the specific weight for 1° C. does not 
differ largely from 0,001. For temperatures of — 70° and above 
100° C. it was often necessary to extrapolate by the aid of the 
established empirical formulae ; although conscious of the uncertainties, 
which are always connected with such extrapolations, we are of 
opinion that we have not introduced here in this way errors of appre- 
ciable amount, because for these values such an error could manifest 
itself only in the third decimal place, and dilatation of the liquids 
occurs ordinarily in so regular a way, that the probability of heavy 
errors is thus highly diminished by this circumstance. 

Moreover another way was not available at this moment, if not 
with large sacrifice of time and labour. 


§ 3. In the following the obtained results are collected in tables. 
For the value of 1 mm. mercury at 0°C., 1333,2 Dynes (45°), was 
calculated, and this. value was used in all further calculations; in the 
tables all numbers for y and u are adjusted by the necessary corrections. 
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The graphical diagrams relate to the variation of the so-called 
“molecular” surface-energy u with the temperature; in the same 
diagram analogous, homologous compounds or such, related by simple 
substitutions, are put together; this will be of practical use for the 
comparative considerations later to be given, and allows a rapid 
review of the behaviour. For the construction of the diagrams, not 
the numbers of the tables, but those following directly from CANTOR’s 
formula, are used; therefore the correction, necessary to derive the 
absolute value of u from these readings by diminution, are indicated 
on each curve in the diagrams. 

§ 4. Aliphatic Derivatives. 

This series of measurements relates to the following aliphatic 

Molecular Surface 
Energy in Erg. pro cm. 
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substances: norm. Propylalcohol; Isobutylalcohol; Diethylether ; Ethyl- 
formiate; Ethylchloroformiate; Ethylacetate, Methyl-, Ethyl-, and 


| norm. Propyl-alcohol: C3H;. OH. 


E k Maximum Pressure H Surface- | | Molecular 
=" tension x tee Surface- 
Fs in mm. mer-| } in Erg. per | gravityd,, | energy «in 
ce cury of in Dynes: ems TAG. Erg. pro cm’. 
5 BE 
—76 | 1.170 1559.8 33.4 0.881 557.4 
—21 0.924 1245.4 26.6 0.837 459.3 
0 0.875 1167.3 24.9 0.820 435.9 
25.5 0.807 1075.4 22.9 0.800 407.5 
45 0.755 1006.4 21.4 0.784 386 .0 
14.5 0.679 905.3 19.2 0.759 353.9 
90.6 0.638 850.2 18.0 0.746 335.6 
Molecular weight: 60.06. Radius of the Capillary tube : 0.04352 cm. 
Depth: : 0.1 mm. 
| The substance boils at 96°.7 C. constantly. 


Isobutyl-alcohol: (CH3), CH . CH,OH. 


keb] 
3 ; Maximum Pressure H | Surface Pee es Molecular 
5e EE iter Mag, tension 7 Joss Surface- 
a. in mm. | in Erg. pro - ener. „in 
ie 0°°C. | 
5 1.149 1531.8 | 33.0 0.885 631.5 
—12 0.890 1186.5 2525 0.828 510.1 | 
0.3 0.853 1137.2 24.4 0.817 492,5 
10.4 0.825 1099.9 2326 0.807 483.9 | 
25.1 0.783 1044.5 22.4 0.794 460 9 
SO 0.756 1008.0 21.6 0.785 4417.7 
49.7 0.723 963.9 20.6 Ost 432.2 
69.6 0.670 893.8 19.1 0.753 407.0 
101 0.594 791.9 16.9 0.731 367.4 


Molecular weight: 74.08. Radius of the Ra cae’ tube: 0.04385 cm. 
Depth: 0.1 m 


The compound boils at 106°.8 C. constantly; at the en x 
has the value: ca. 16.5 Erg. pro cm’. 
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Tsobutyl-Tsobutyrates; Acetone; Methylpropylcetone; Ethyl-Acéetyloacetate: 
Methyl-Methylacetyloacetate; Ethyl-Propylacetyloacetate, Methyl-, Ethyl-, 


Diethylether: (C+H3)o O 


E Maximum Pressure H Surface- | SAREL Molecular 
Be me tension 7 BEG Surface- 
a in mm. | in Erg. pro ravity d energy in 
2 |" = of | in Dynes chit An Erg. pro cm? 
rn 0.990 ee 1319.9 28.5 0.818 574.7 
—20.5 0.748 997.2 2185 0.758 456.2 
0.2 0.670 893.8 19.2 0.735 415.8 
10.9 0.628 837.2 17.9 0.723 392.0. 
2519 0.584 118.6 16.7 0.707 ol 
29.5 0.574 7166.2 16.4 0.703 36539) 


Molecular weight: 74.08. 


Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 mm. 


The substance boils at 34.°8 C. constantly; at the boilingpoint z is: 
15.9 Erg. pro cm2. 


IV. 


Acetone: CH;.CO.CH3. 


E _ | Maximum Pressure 1 Surface- Bee Molecular 
as bid tension x ae Surface- 
ae in mm. : in Erg. pro | gravity d4o energy # in 
2 Oe of | in Dynes cm?2. Erg. pro cm°. 
—73 1.236 1647.8 35.6 0.917 565.5 
—19.5 0.971 1295.6 27.9 0.845 468 .0 
0.1 0.886 1181.3 25.4 0.818 435.4 
11.4 0.838 1117.4 24.0 0.803 416.5 
2070 0.786 1047.9 22.5 0.785 396.4 
35 0.740 086.6 2151 0.772 375.9 
50.1 0.695 926.6 19.8 0.757 357.4 


Molecular weight: 58.05. 


: 0.1 mm. 


The boilingpoint is 56° C.; the value of x is there: 
pro cm°. 


Radius of the Capillar tube: 0.04385 cm. 
Depth 


194 Erg. 


3 


Propyl-, Butyl-, Isobutyl-, and Amyl-Cyanoacetates; Tri-, and Tetra- 
chloro-methane; and Lsobutylbromide. 


Vv. 


Methylpropylcetone: CH3. CO. C‚Hs. 


E | Maximum Pressure H Surface- | ie Molecular 
aS tension 7 | Specific Surface- 
a. in mm. | in Erg. pro itv d,, | energy « in| 
5 EE of | in Dynes cme Se Erg. pro cm? 
o,| | 
—14.2 1.240 1653. 2 35.4 0.936 721.4 
—20.5 0.996 1327.9 28.3 0.872 604.6 
0.3 0.913 1217.8 26.0 0.852 564.1 
25.5 0.831 1107.6 23.6 0.826 52261 
45 0.762 1015.7 21.6 0.806 486.3 
14.3 0.672 896. 1 19.0 VEE 438.3 
; 90.8 0.613 818.1 1 0.761 404.7 
| 99.6 0.589 185.98: | 16.6 0.753 391.1 
| | 


Molecular weight: 86.1. Radius of the Capillary tube: 0.04352 cm. 
Depth: 0.1 mm. 


| The substance boils at 101.93 C. constantly. 


VI. 


Ethylformiate: HCO. O(C+H;). 


Vv p 
3 g Maximum Pressure H Surface- ie | Molecular 
=~ tension x Bee Surface- 
Bn in mm. RIN D | in Erg. pro | gravity d 0 energy « in 
ae mercury Oo in ynes cm?°. Er . pro em, 
fe oe C. =e 
*16.5| 1.239 1661.2 31.8 | 1.032 502.7 
*_16.2 0.945 1259.9 28.5 0.958 398,3 
unas. 0.864 1151.9 26.0 | 0.938 368.5 
24.9 0.802 1069.2 22.9 0.910 331.2 
35.2 0.757 1009.6 21.9 0.899 319.3 
49.2 0.718 - 95122 20.5 0.879 303.4 


Molecular weight: 50.0.5 Radius of the Capillary tube: 0.04408 cm.; 
in the aes indicated by *, this 
radius was; R= 0.04638 cm. 

Depth: 0.1 mm. 


After carefully drying, this ether boils at 54.°3 C. constantly ; it 
remains a relatively thin liquid as far as —79° C. At the boiling- 
point / is 19.9 Erg. pro cm’. 


Molecular Surface- 
Energy in Erg pro cm? 
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Vil. 


Ethylchloroformiate: C/.CO.O(C,Hs). 


Vv z 

5 : Maximum Pressure H Surface é Molecular 
sks tension 7 sl Surface 
er in mm. ae ne in Erg. pro gravity d,,| energy ” in 
2 taken in Dynes cm’, Erg. pro cm’. 
Sat ISS 1803.8 42.4 1.278 819.0 
=| 1.046 1395.0 32.6 1.186 661.9 

0 0.951 1269.2 29.6 1.160 609.9 

25 0.847 1129.2 26.2 e127 550.3 

45.3 0.774 1031.8 pe) 1.095 Sl af 

1052 0.692 922.6 212 1050 466.8 

84.8 0.643 857.8 19.8 1.022 443.9 . 


Molecular weight: 108.49. Radius of the Capillary tube: 0.04803 cm. 
Depth: 0.1 mm. 


The compound boils at 91.°5 C. constantly; at this temperature x 
is 19.3 Erg. pro cm’. 


VIII. 


Ethylacetate : CH,. CO. 0 (C‚H;). 


naden td en ENE TND SE es 
Vv . 
5 : | Maximum Pressure 1 Surface- apes Molecular 
sO tension x Beene Surface- 
Be in mm. RE, in Erg. pro | gravity dye energy „ in 
In cury 0 in Dynes cm°. Erg. pro cm’. 
É 0E 4 i, 
da 1.274 1698. 5 | 36.6 1.016 716.8 
—20 0.994 1325.2 28.4 ' 0.949 582.1 
0 0.892 1189.2 25.5 0.924 5321 
25.5 0.780 1039.9 22.2 0.893 413.8 
34.7 0.744 992.5 21.2 0.881 456.6 
55 0.679 897.2 19.1 0.856 419.3 
70 0.623 838.5 17.8 0.829 399.2 


Molecular weight: 88.06. Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 mm. 


After very carefully drying and repeated distillation, this ether boils 
at 77.°1 C. constantly. It remains a thin liquid as far as —80° Cz At 
the boilingpoint the value of „ is: 17.2 Erg. pro cm’. 
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IX. 

Methyl-Isobutyrate: (CH3), CH. CO. O(CH3). | 
| 2 Maximum Pressure H Surface- mee Molecular 
a : tension 7 BEENIE Surface- 
8 in mm. mer- inErg. pro | gravity d,, | energy » in 

She cury of in Dynes cm?, 4° Erg. pro cm? 
Ee Oa , 
208 0117) 1,206 1728.0 37.1 0.995 813.1 
—21.5 1.006 1341.9 28.7 0.936 655.1 
045 0.903 1204.0 25.7 0.911 597.3 
25.3 0.805 1073.2 22.8 0.882 541.5 
45 0.727 969.7 20.6 0.859 497.9 
14.71 0.631 840.9 17.8 0.825 442.0 
91.3 0.589 785.8 16.6 0.806 418.6 
Molecular weight: 102.08. Radius of the Capillary tube: 0.04352 cm. 
Depth: 0.1 mm. 
The substance boils constantly at 91°.8 C. 
X. 
Ethyl-Isobutyrate: (CH3)\ CH. CO. O(C‚H5). 
| Ë i Maximum Pressure H | Surface- | 5 fi Molecular 
Be me A | tension x | ial Surface- 
a. | inmm. mer- | _inErg. pro | gravity do | energy » in 
zie cury of ‚in Dynes cm?2. 4° | Erg. pro cm?, 
on 0*'C. 
Eed 105 e1Ob8ae 33.3 0.976 805.4 
— 21 0.940 Preis 6 26.8 0.913 677.7 
0 0.867 | 1155.9 24.6 0.891 632.3 
25 12 0.779 1038.6 201 0.859 582.0 
45 0.117 955.9 20.3 0.837 544.0 
74.3 0.624 831.8 17.6 0.809 482.4 
90.8 0.572 762.9 16.1 0.791 448.0 
109.5 0.507 675.5 14.2 0.769 412.6 
| | 
| Molecular weight: 116.1. Radius of the Capillary tube: 0.04352 cm. 
| Depth: 0.1 mm. 
The substance boils at 110.°2 C. constantly. At —76-C. it is again 
a thin liquid; it was only slightly turbid, probably by extremely fine 
crystals. ; 
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XI. 


Isobutyl-Isobutyrate: (CH3),CH .CO.O(CH, .(CH . (CH3)s). 


UV Fy 
5 ; Maximum Pressure H Surface- +: Molecular 
hea tension x Specific Surface- 
a. in mm. mer- in Erg. pro | ity d energy „ in 
ES cury of in Dynes cm? Te Erg. pro cm? 
- Osc; 
~16.5 1,182 1576.3 33.8 0.951 960.6 
—21.3 0.927 1236.2 26.4 0.896 780.8 
0 0.865 115355 24.6 0.875 739.2 
25.4 0.785 1047.8 Sea 0.850 683.1 
45 0.731 974.3 20.7 0.830 644.2 
714.7 0.638 850.2 18.0 0.801 573.6 
011 0.596 795.0 16.8 0.784 543.1 
109.2 0.545 726.1 15.3 0.766 502.3 
134.5 0.469 625.0 13.1 0.740 440.1 


Molecular weight: 144.11. Radius of the Capillary tube: 0.04352 cm. 
Depth : 0.1 mm. 


The compound boils at 147.°2 C. constantly. 


XII. 


Ethyl-Acetyloacetate: CH;CO.CH,.CO.0O(C,H;). 


w : 
3 ! Maximum Pressure H Surface- gids Molecular 
EE | tension x 7Bee Surface: 
a. |in mm. mer: inErg. pro | gravity d,, | energy # in 
Ee cury of in Dynes Em? A Erg. pro cm? 
et OFC: 
—20 | 1.210 1612.8 36.7 1.010 900.7 
heek 1.133 1510.5 84.3 | 1.048 853.5 
MZ Lvs 1483.6 32.0 1.023 809.2 
se A 1.069 1424.7 30.7 1.013 781.4 
* 49.5 1.024 1365.8 29.4 0.999 155.3 
11 0.906 1207.4 21.3 0.976 712.3 
89 0.841 1121.2 25:3 0.958 668.4 
ws 0.774 1031 .9 21.1 0.923 587.7 
had Kets 0.675 900.2 18.9 0.896 524 
“* 176 0.596 7194.9 16.6 0.869 468.0 
Molecular weight: 130.08. Radius of the Capillary tube: 0.04638 cm.; 
in the observations indicated by *, it was 


0.04405 cm.; in those by **: 0.04352 cm. 
Depth: 0.1 mm. 


The substance boils at 179.°6 C. constantly. 


25* 
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| Methyl-Acetylomethylacetate: CH,CO . CH(CH:). CO. O(CH;). 
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XIII 


E i | Maximum Pressure H Surface- € Molecular 
oh ; tension x Specific Surface- 
ee in mm. mer-| — in Erg. pro gravity do} energy win 
5 SO in Dynes cm’, : Erg. pro cm?, 
aa ie 1.477 1969.6 46.5 ed el 1106.2 
—21 1.218 1623.8 38.3 1.071 939.3 
0 15197 1515.7 Jon 1.050 887.2 
25733 1.046 1395.0 32.8 1.024 828.9 
45.5 0.985 1313.2 30.8 1.003 789.2 
102 0.901 1201.2 28.1 0.977 ideal 
85.2 0.856 1141.2 26.7 0.962 703.4 
117 0.768 1024.4 23.9 0.930 644.0 
138.2 0.709 945.2 22.0 0.908 602.3 
156 0.658 877.2 20.4 0.890 566.0 


Molecular weight: 130.08. 


Radius of the Capillary tube: 0.04803 cm. 
Depth :0.1 mm. 


Under a pressure of 18 mm., the substance boils at 75.°5 C.; in the 
at —71° C. very viscous liquid, the growing of the gas-bubbles took 
more than 60 seconds. The specific gravity at 25° C. is: do = 1.0247; 


at 50°C.: 0.9991; at 75° C.; 0.9732, At P C.: d= 1.0500—0,001006¢ 
—0.00000024 #. 


XIV. 


Ethyl-Propylacetyloacetate : CH;CO.CH(C3H;)CO. (CH). 


5 ’ Maximum Pressure H Surface- EN Molecular 
foes tension z pee Surface- 
Vv « : . 
En jim mm. mer-| _ in Erg. pro | gravity d,,| energy vin 
E:= |_cury of in Dynes aa 5 4°) Ere. pro cm’. 
Ee ORE, 

o 
— 16.2 1.430 1906.0 43.6 1.082 1280. 1 
—20 1.142 1522.2 34.8 1.007 1070.2 
2.5 1.058 1410.1 32.2 0.978 1011.3 

2 1.018 1356.6 29.4 0.948 942.7 
"35 0.977 1302.2 28.2 | 0.934 913.2 
** 49 0.929 1238.7 26.8 0.916 879.2 

10 0.818 1091.0 24.8 0.889 831.3 

90.5 0.763 1017.7 rs Be 0.866 786.8 
* 425 0.714 951.5 20.2 0.833 706.0 
*143 0.669 S91 .5° >| 18.9 0.816 669.7 
*152.9 0.641 854.8 | 18.1 0.806 646.7 
MT 0.576 767.5 16.2 0.785 589.1 
*200.5 0.507 676.4 14.2 0.764 525.8 


yet possible here to determine the value of 
if the time of grow of the bubbles was sufficie 


SS eee 


Molecular weight: 172.13. Radius of the Capillary tube: 0.04638 cm.; 
in the observations indicated by *, R 
was 0.04352 cm.; in those indicated by 
**, it was 0.04408 cm. Depth: 0.1 mm. 


Under ordinary pressure the boiling point is 223,° 
notwithstanding the great viscosity of the liquid at 


6 C. constantly ; 
TOE itt Wets 
x evidently very exactly, 
ntly long (ca. 40 seconds). 


XV 


| Methyl-Cyanoacetate: CN.CH). CO. (CH). 


Vv 
= Maximum Pressure H | Surface- | Molecular 
ape 7 tension z Specific Surface- 
a. in mm. : Kk | 
EE mercury of | in Dynes = ve | ey do nes 
oD | pro cm’. Erg pro cm? 
zi 0° C. 
—16°| (2.424) (3231.6) CAD cP ee ee (1387.8) 
—-16 1.443 1923.2 43.9 1.140 861.2 
1 1.362 1815.4 41.4 1.122 820.8 
SZ 14531 1783.0 38°6 1.096 717.4 
50 1.184 1578.3 35.9 1.070 734.6 
1035 1.116 1487.7 33.8 1.039 705.4 
90 1.043 1390.8 | STA 1.028 666.2 
*\ 124.5 0.987 1,7 delete 28.0 0.994 601.8 
* 1538 0.877 |e “169 e2 24.8 0.965 543.7 
* 176.5| 0.789 | 1052.4 22.3 0.942 496.8 
* 197 0.713 951.3 20.1 0.921 454.6 


The specific gravity 


Molecular weight: 99.05. Radius of the Capillary tube: 0.04638 cm.; in 


the observations indicated by *, R was: 
0.04352 cm., in those with **, it was: 


0.04408 cm. 
Depth: 0.1 mm. 


d4o 


XVI. 


The carefully dried ether boils constantly at 203° C.; at — 76° C. the 
liquid is extremely viscous and gelatineous; although the time of 
formation of the gasbubbles was about 100 seconds, the viscosity in 
this case evidently diminishes the exactitude of the determinations of 7. 
was at 25° C.: 1.0962; at 50° C.: 1.0698; at 


15% Cis 1038 at PP: do = 1.1231—0.001086 f + 0.0000004 #2. 


Ethyl-Cyanoacetate: CMN. CH,.CO.O(C2Hs5). 
| 
5 E Maximum Pressure H Surface- 4 Molecular 
he tension 7 Specific Surface- 
| B inmm.mer- | _ | in Erg. pro | gravity d,. | energy » in 
he cury of in Dynes em’. Erg. pro cm?, 
en nd 
21704) 1813 le 1980.8 39.9 | 1.099 876.1 
0D 1.245 1660.2 37.8 1.082 838.6 | 
mage, 1222 1628.8 SOLE 1.056 7193.7 
955 1.188 1583.5 34.2 1.046 776.1 
49 1.083 1444.5 32.8 1.032 151.5 
71 1.016 | 1354.0 30.7 1.009 713.6 
90 0.951 1267.8 28.7 0.990 675.6 
"125 0.896 1194.8 25.4 0.955 612.4 
183 0.803 1070.8 2d 0.927 558.3 
ai Wye 0.727 969.7 20.5 0.904 512.7 
*201 0.651 868.6 18.3 0.879 | 466.3 
Radius of the Capillary tube: 0.04638 cm. ; 


| 


Molecular weight: 113.07. 


in the observations 


indicated by *, R 


was 0.04352 cm.; in those by **, it was: 
0.04408 cm. 
Depth: 0.1 mm. 


The compound boils at 206° C. constantly; at —76° C. it becomes 
glassy and crystallizes very slowly on heating. The crystals melt at 
about — 40° C. The specific gravity at 25° C. was: 1.0562; at 50° C.: 
1.0307; at 75° C.: 1.0052; at ¢-: Ayo = 1.0817—0.00102 ¢, in general. 


| 
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XVII. 
Propyl-Cyanoacetate: CM. CH, . CO. O(C3H). 
| E Maximum Pressure H | Surface- nie Molecular 
De _ tension 7 Beens Surface- 
= in mm. a ee in Erg. pro | gravity d,. | energy » in 
<j cury 0 in Dynes 2 ; 2, 
2 02°C. | cm Erg. pro cm 
De bet eat? | dears de ata Ch 4-08 | 20 
0 1.184 1578.3 35.9 1.042 882.9 
ee 25 1.164 1551.7 Jaa 1.021 835. 1 
"35 1.130 1506.5. | 32.5 1.011 815.5 
a 1.075 1433.8 31.0 0.996 | 786.0 
71 0.961 | 1280.7 29.1 te O:916- ZA) 
114.5 0.834 p> Ad BS 2552 0.933 667.1 
„125.53 0.858 1144.4 24.3 0.923 =| 647.9 
1529 0.780 1039.9 22.0 0.896 598.3 
rie: 1 0.701 934.6 19.7 AOL pa 4 OAD O 
* 201 0.624 831.8 | mia | 0.847 | 494.1 


Molecular weight: 127.08. Radius of the Capillary tube: 0.04638 cm. ; 
in the observations, indicated by *, the 
radius was: 0.04352 cm.; in those with 
* it was: 0.04408 cm. Depth: 0.1 mm. 


The substance boils at 216° C. constantly; at — 79° it solidifies 
slowly to a crystal-aggregate, which melts at about — 39° C. The 
density d> was at 25° C.: 1.0214; at 50° C.: 0.9973; at 15°C.« 0.9717. 


at OC: d am 1.0424—0.000962 f + 0.0000012 £, 


XVIII. 
Butyl-Cyanoacetate: CN.CH2. CO. O(C‚Ho). | 


| | | 

5 : Maximum Pressure H Surface- | S if Molecular | 
ge tension x PS Surface- 

ze in mm. mer-| _ _ in Erg. pro | gravity do | energy « in 

a” Gury of in Dynes cm?, Erg. pro cm». 
HS 1.213 1617.5 | 35.2 1.041 .| 928.8 
0 1.159 1545.2 33.6 1.020 | 898.7 
a SA | 1489.0 Sieh 0.998 860.3 
"45.2 1.055 1406.2 29.9 0.978 822.5 
iy ce 0.975 1300.6 21.71 0.952 715.8 
* 04.1 0.924 1231.6 26.2 0.934 743.2 
114.5 0.852 1135.3 - 24.6 0.915 | 707.4 
135 0.797 1063.3 23.0 0.895 671.2 
161.1 0.729 971.9 21.0 0.870 | 626.3 
192.1 0.662 883.1 _ 19.0 0.840 578.4 
213.1 0.615 820.0 17.6 0.820 544.5 


Molecular weight: 141.1. Radius of the Capillary tube: 0.04439 cm.; 
in the observations indicated by * it was: 

0.04352 cm. Depth: 0.1 mm. 
The ether boils at 230°.5 C. constantly; it can be cooled as far as 
—80° C., without crystallisation setting in. The specific gravity Ago 


is at 25° C.: 0,9978; at 50° C.: 0.9749; at 75° C.: 0.9518; at #° it is: 
dyo= 1.0204—0.000904 ¢ + 0.00000016 £. 


XIX. 


Isobutyl-Cyanoacetate : CN. CH. CO. (CH). CH. (CH3),). 


= ; Maximum Pressure H Surface- : Molecular 
SO 8 tension / SPE Surface- 
O°? . . 
a lin mm. mer- in Erg. pro | gravity d,, | energy in 
e= cury of | in Dynes cm? 4 Ete aro ein: 
5 OG Ean 
le) 
90:6) ao sd 34.2 1.033 907.1 
0.3 122 1495.9 me 1.014 872.7 
825 1.069 1424.6 30.3 0.990 826.7 
"AD 1.013 Som 28.7 0.971 793.3 
* 74.8 0.934 1245.4 26.4 0.944 743.6 
* 94.5 0.879 1174.6 24.9 0.925 710.9 
115 0.811 1081.3 23.4 0.905 677.9 
ja | 0.757 1009.2 21.8 0.886 640.5 
161 0.686 914.6 19.7 0.862 589.5 
191.8 0.595 792.9 17.0 0.834 520.0 
215 0.541 720.9 | 15.4 0.815 478.4 


Molecular weight: 141.1. Radius of the Capillary tube: 0.04439 cm.; 
in the observations indicated by *, R was: 
0.04352 cm. 

Depth: 0.1 mm. 

The compound boils at 223? C. constantly; it can be undercooled , 
as far as —76° C., and crystallizes then slowly into a crystalline 
aggregate, melting at about —26° C. The specific gravity at 25’ C. 
was d> = 0.9903; at 50° C.: 0.9669; at 75° C.: 0.9441. At ¢° it is 


generally: Ayo = 1.0138—0.000952 f + 0.00000032 #2. 
XX. 
Amyl-Cyanoacetate: CN .CH,.CO.O(C5H;;). 
| 

= Maximum Pressure H Surface- Molecular 
ie) tension Specific Surface- 
Vo ; . 5 é ‘energy # 
5 an in Erg ravity d ; 

ES | mercury of | in Dynes pro cm?. Beal ae anne 
= OE: pro cm?. 
ii 1.080 1440.3 Sona 1.017 933.5 

1,5 1.029 151128 a1 ol 1.001 897.2 

2039 1.028 1370.2 29.5 0.976 865.5 
35 1.0C0 1333.2 28.7 0.966 847.9 

69 0.880 1172.9 26.5 0.939 797.8 

89 0.831 1108.3 25.0 0.920 763.0 
*A25 0.807 1075.4 22e 0.891 707.7 
= 153 0.744 992.6 21.0 0.864 668.3 
*176 0.689 919.1 19.4 0.843 627.6 
*201 0.634 845.6 17.8 0.821 586.1 


| 


Molecular weight: 155.11. Radius of the Capillary tube: 0.04638 cm.; - 
in the observations indicated by *, R was 
0.04352 cm.; in those with ** it was: | 
0.04408 cm. 


Depth: 0.1 mm. 


The compound boils at 240°.2C.; at —76°C. it is a jelly, but does 
not crystallize. The specific gravity at 25° C. was: d4,.=0.9763; 


at-50°C.: 0.9547; at 75°C: O0327, Ate iis. Ago = 1.0019—0.090061 ¢ © 


+ 0,00000032 2. 


Molecular Surface 
Energy in Erg. pro cm°. 
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Fig. 5. 
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XXI. 


-80°-60°-40"-20° 0° 20° 40° 60° 80° 100" 120° 10° 160°180"200'220 | Cmperature 


Trichloromethane: CHCl. 
l | 
2 Maximum Pressure H Shire Molecular 
SÛ | Brenne, Specific Surface- 
Vo Z : > ; energy v 
= in mm. in Erg. ravity doo! - 

ES mercury of | in Dynes pro cm?. = 8 in Erg. 
LE 0 ed De pro cm?. 
ap | 1.142 1523.4 345 1-555 587.5 

0 1.050 1394.3 29.7 1.519 545.3 
P25 0.927 1236.0 26.2 1.476 490.4 
85. | 0288 1174.5° | 24.8 1.459 467.8 
55.) MD 1063.9 22.4 1.425 429.2 
Molecular weight: 119.51. Radius of the Capillary tube: 0.04385 cm. 
Depth; 0.1 mm. 


The trichloromethane was prepared from purest chloral, carefully 
dried, at —79° C. several times frozen, and purified by repeated 
distillation. It boils constantly at 619.2 C.; at this temperature, the 


value of x is: 21,8 Erg. pro cm? 
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XXII. 
Tetrachloromethane: CC! | 
5 Maximum Pressure H Surface- hee | Malecuiar 
Ee tension ~ Pech Surface- 
Bs sin mn. Mer. ee in Erg. pro | gravity dyo| energy win 
= cury of In Dynes cm?. Erg. pro cm?. 
a OE: 
—18° | 1.087 1450.4 30.9 1.659 633.0 
0.1 1.005 1340.9 28.5 1.632 590.2 
25 0.899 1199.5 25.4 1.585 536.4 
35 0.862 1149.4 24.3 1.560 518.6 
55 0.793 1058.1 2253 1525 483.2 


Molecular weight: 153.80. Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 mm. 7 


Under reduced pressure (ca. 90 mm.) it boils at 26° C., and solidifies 
at — 60° C. to a white crystalline mass. Under ordinary pressure, it 
boils constantly at 76°.4 C. At this temperature the value of x is 
about: 20.2 Erg. pro cm’. 


Molecular Surface-Energy 
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XXIII. 


Isobutylbromide: (CH3), CH. CH2B?). 


Vv e 
3 Maximum Pressure H Surface- Specif Molecular 
a tension z poe Surface- 
ee in mm. mer-| inErg. pro | gravity d,.| energy vin 
5 kn in Dynes | | cm? Erg. pro cm. 
Lins 1:22 1636.5 38.4 1.385 821.6 
—19.5 0.949 1265.9 29.5 1.314 653.7 
0 0.874 1166.0 2153 1.291 607.6 
25.4 0.790 1053.5 24.4 1.259 556.3 
44.4 0.728 970.2 22.4 1.236 SLT. 1 
69.9 0.646 861.9 19.8 1.205 464.8 
85.3 0.600 7199.5 hora 1.186 439.2 


Molecular weight: 137.07. 


Radius of the Capillary tube : 0.04803 cm. 
Depth: 0.i mm. 


The carefully dried compound boils very constantly at 90.°5 C.; at 
this temperature z is about 17.9 Erg. pro cm?. 


Molecular Surface- 
Energy in Erg pro cM?. 
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§ 5. Temperature-coefficients of u of the here studied substances. 


norm. Propylalcohol. 
Oy. 


Temperature-interval: a in Erg. 

between —76° and —21° 1,78 

— 21? 4 = 20° Lut 

25 91° 1,10 

Diethylether. 

between —75° and —20° 2,16 

—20° „ 0? 1,94 

Denies 29° 1,70 
Ethylchloroformiate. 

between —75° and —21° 2,86 

Ie, 25° 2,41 

en 710° 1,82 

it cn gie 1,70 
Methyl-Isobutyrate. 


between —73° and —21°,5 3,0 
—21° ,, 25° 2,4 


Dn 459 2,1 
Anes Lende 1,1 
Isobutyl-Isobutyrate, 


between —76° and — 21° 52 
ns zal Ce 2,18 


Methylpropylcetone. 
between —74° and 0°? 2,13 
Oy, 99° ds 


Methyl-Methylacetyloacetate. 


between —71° and —21° 3,39 
—21° ,, 0° 2,47 

OF an 70° 2,18 

10° 5, 156° 1,94 


Methyl-Cyanoacetate. 
between —76° and — 16? not measurable 
independently of 
viscosity. 
—16° , -+197° 1,90 


Isobutylalcohol. 
Temperature-interval: ES in Erg. 
between —71° and — 129 2,3 


{207 SOS ent 


Ethylformiate. 
between —76°,5 and —16° 1,42 
hd CE 25° 1,62 


25e vi anp hid 00 
A ON 


Ethylacetate. 
| between —-74° and 0° 2,50 
: Oes 250 231 
Li On 1,86 
Sr aie 1,78 
SOP „ie 1,30 
Ethyl-Isobutyrate. 


between —78° and +109? 2,15 


Acetone. 
between —73° and —19°,5 1,81 
—19° „ HIP 1,66 
Ten 549 Lon 
Ethyl-Acetyloacetate. 


between —20° and -+-176° 2,19 


Ethyl-Propylacetyloacetate. 


between —76° and —20° 3,74 
—20° ,, +209 2,84 

en, 70° 2,36 

1025, H1202 2,24 

1259 55 11539 Zt 


Then an increase: 2,37 to 2,68, occurs 
as a consequence of beginning dissociation. 


Ethyl-Cyanoacetate. 
between —17° and +201° 1,88 


Propyl-Cyanoacetate. — Butyl-Cyanoacetate. 
Temperature-interval: in Erg. | Temperature-interval: in Erg. 
between — 16° and +-152° 1,88 between —21° and +213° 1,62 
Then an increase: 2.13, under dissoci- 
ation and liberation of HCN. 
Isobutyl-Cyanoacetate. Amyl-Cyanoacetate. 
between —20° and oF 1,64 between —17° and 4- 1° 2,0 
08, 115° 1,10 AN BAD el A 
IB 2192 2,0 
Gradual decomposition, under liberation 
of HCN. 
Chloroform. Carbontetrachloride. 
between —22° and +55° 2,06 between —18° and 0° 2,6 
OP mee ser Bnet ios 
2 Boe 1g 3 
Isobutylbromide. . 
between —75° and —19° 3,0 
—19° , +25? 215 
2e 69°,9 2,03 
AOR 32 90° 1,91 


0 - 
Evidently only in some cases the coefficient > appears to be really 


constant; in most cases it decreases doubtless with a rise of tempe- 
rature. Where the inverse behaviour was stated, a decomposition of 


0 
the studied substance always seemed to occur. The value for 5 


is in the interval of ordinary temperatures relatively small for propyl- 
and dsobutyl-alcohol and for the cetones; however in these cases it 
appears to be variable with the temperature in no higher degree 


0 
than in the cases, where the values of = do not differ largely from 


2.0 Erg. 
Groningen, June 1914. Laboratory for Inorganic Chemistry 
of the University. 
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Chemistry. — “The Temperature-coefficients of the free Surface- 
energy of Liquids, at Temperatures from —80° to 1650° C. 
III. Measurements of some Aromatic Derivatives” By Prof. 
Dr. F. M. Janerr and M. J. Suir. .(Communicated by Prof. 
P. v. RoMBURGH). 


§ 1. In continuation of our measurements of organic liquids, the 
data obtained in the study of a series of aromatic compounds, are 
reviewed here in tables, quite in the same way as in our former 
communications '). This series of substances includes the following terms: 

Nitrobenzene ; ortho- Nitrotoluene ; Aniline; Dimethylaniline ; ortho- 
Toluidine ; Thymol; Methyl-, Ethyl-, and Benzyl-Benzoates ; Salicylic 
Aldehyde ; Acetophenone, and the non-aromatic compound: a-Cam- 
pholenie Acid. 

With respect to the determination of the specific gravities and the 
purification of the studied substances, we can refer to the preceding 
communication; the diagrams also have the same significance, as 
indicated there. 


§ 2. Aromatic Derwatives. 
I. 


Nitrobenzene: C,H;(NO,). 


5 Maximum Pressure H Surface- kid Molecular 
Be See TENSION Wy prance Surface- 
a |. in Erg. pro ity d,.| energy # in 
= jin mm. mer-| ; gravity 
| 5 cis of oc if Dynes | cm?. Erg. pro cm?. 
5 1.538 2050.5 44.4 1.215 964.7 
26.6 1.473 1965.8 42.5 1.197 932.7 
34.9 1.448 1930.5 41.7 1.190 918.7 
55.3 1.37] 1827.8 39.5 1.171 879.7 
70.8 1.314 1751.8 37.8 12156 849.0 
100 1.198 1596.0 34.4 1.125 786.8 
110 1.156 1541.6 aot 1,115 763.9 
126 1.089 1459.8 31.4 1.097 730.4 
145.5 1.014 18519 29.0 1.075 683.7 
1720 0.903 i204.0 25.8 1.042 621.0 
Molecular weight: 123.06. Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 mm. 
| The nitrobenzene was carefully dried, several times frozen, and 
distilled; it boils at 209° C. constantly. At this temperature „ = 21.2 
Erg. pro em? At 0° C. it solidifies completely. The specific gravity 


E ats 25m sf de = 1.1988. 


1) F. M. JAEGER and M. J. Smit, Preceding communication, (1914), 


| O 
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Il. 


rtho-Nitrotoluene: CH; .C,H,. (NO). 


(1) (2) 
E ; | Maximum Pressure Fi Surface 5 f Molecular 
sO tension x _ ote os Surface- 
ey _ | in mm. mer- in Erg. pro | gravity d,, | energy » in 
= cury of in Dynes cm? Ere. pto cm°, 
& 0’ C Ep 
oil 1.505 2006.8 | 43.3 1.177 1032.8 
9.6 1.465 1953.1 | 42.1 1.170 1008. 1 
E25 1.416 1887.5 40.9 1.156 987.3 
* 34.8 19315 1833. 1 39.7 1.147 963.3 
5 4023 1.257 1675.8 38.2 1.134 934.0 
10 1,202 1669.4 35.8 ls) 885.2 
101.6 les 2 1509.8 32.4 1.086 815.4 
122.6 1.055 1406.5 SO 1.067 766.5 
144 0.971 1295.4 27.7 1.047 LAS) 
148.6 0.954 1272.4 OD 1.044 702.8 
170 0.864 1151.9 1.025 640.8 


| 24.5 


Molecular weight: 137.1. 


0.04408 cm.; 


0.04638 cm. 
Depth: 0.1 mm. 


The compound boils at 218° C. constantly; the meltingpoint is 
— 4° C. At the boilingpoint, the value of x is about 18.1 Erg. pro cm’. 


Aniline: C,H;(NH,). 


Ill. 


Radius of the Capillary tube: 0.04385 cm.; 
in the observations, indicated by *, 
in these with ** 


Rwas 
it was: 


5 


= Maximum Pressure H Surface- se Molecular 
os tension 7 Specific Surface- 
a in mm. | in Erg. pro ity ad, | energy » in 
Eis oere of | in Dynes eni gravity dao Erg. pro cm’. 
le) 

0 1.513 2096.5 45.4 1.038 909.3 

Dik 1.552 2069.8 44,8 1.032 900.8 
26.2 1.473 1963.8 42.5 1.015 864.0 
34.7 1.452 1935.8 41.8 1.008 853.7 
54.8 WET 1827.8 39.5 0.990 816.5 
10 | 1.320 1759.8 38.0 0.976 793 .0 
100 1.190 1586.5 34.2 0.949 elem 
109.5 1.156 1541.6 33.2 0.941 709.9 
126 1.089 1459.8 31.4 0.924 679.6 
143 1.027 1369.2 29.4 0.907 644.3 
148.8 0.998 1331.8 28.6 0.902 629.0 
TIS 0.889 | 1185.8 25.4 0.877 569.2 


Molecular weight: 93.04. 


Radius of the Capillary tube: 0.04385 cm. 


Depth: 0.1 mm. 


The liquid boils at 184° C. constantly. It is colourless, and only at 
higher temperatures it gets somewhat yellowish. At the boilingpoint, 
xis: 24.3 Bree BLO. cm?, 


——$—$—$—_— 


iV. 
| Dimethylaniline; CsH;. MCH)». 


2 Maximum Pressure H | Surface- Molecular 
| &Ó nà nel W Specific Surface- 
eN HEE | : ; ; energy 
a. In mm. | in Erg. rav d 
== | mercury of | in Dynes | pro cm? SC °; in Erg. 
= oe | pro cm?. 
26° 1.165 1553.2 36.6 | 0.951 926.4 
45.5 1.087 1449.1 34.1 | 0.935 873.0 
66.5 1.018 135025 31.9 0.917 827.3 
86.5 0.959 1278.4 30.0 0.900 781.8 
106 0.893 1190.8 2169 0.884 741.5 
125.8 0.831 1107.6 25.9 0.867 697.3 
| 146 0.768 1024.4 23.9 0.850 652.0 
166 9.709 945.3 200 0.832 608.8 
184 0.650 866.1 20.1 0.817 | 563.0 


_ Molecular weight: 121.11. Radius of the Capillary tube: 0.04803 cm. 
Depth: 0.1 mm. 


The liquid boils at 191° C. constantly; it solidifies easily and the 
crystals melt then at 0°.5 C. The value of z at the boilingpoint is 
about: 19.3 Erg. per cm’. 


Molecular Surface-energy 
in Erg pro cm’. Fig. 1. 


“80° -60°-40°°20Q° O° 20° 40° 60° 80° 100°120° 740° 160° 180° 200°220° 


389 


V. 
Ortho-Toluidine: CH,.CgH,.(NH,) . 
(1) (2) 
5 | Maximum Pressure H | Surface- Molecular 
BG : Specific ‘ 
5 tension x Surface- 
ue . . od . 
a, jin mm. mer-| _ in Erg. pro gravity d,, | energy » in 
5 SE in Dynes | cm?, Erg. pro cm’, 
—20° L573 2098 .0 45.4 1.027 1005.8 
0.6 1.492 1989.1 43.0 1.013 961.4 
9.3 1.465 1953.1 42.2 1.006 947.9 
25 1.403 1870.5 40.4 0.992 915.9 
34.6 1.375 1833.1 39.6 0.985 902.1 
50.1 1.310 1763.8 oll 0.973 865.8 
70.5 1.234 1645.2 35.5 0.957 824.4 
101.4 P1335 1510.5 32.5 0.933 767.6 
123.2 1.043 1391.0 29.9 0.916 7114.9 
144 0.957 1277.0 27.4 0.899 663.3 
149.5) 0.937 1249.8 26.8 0.895 650.8 
172 0.831 1108.2 23.1 10877 583.3 
Molecular weight: 107.09. Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 mm. 
The ortho-toluidine boils at 197.°4 C. constantly. It is perfectly 
colourless, but above 180° C. it gets gradually reddish brown. At 
the boilingpoint , = 19.9 Erg pro cm°. 


VI. 


Thymol : (CH3),CH. CyH3. OH(CH3). 


| 


= je Maximum Pressure H Surface- Bern Molecular 
sO tension x Pectee Surface- | 
Vo e . . | 
a lin mm. mer-| in Erg. pro gravity d energy ” in| 
57 Ee | in Dynes cm?. ag Erg. pro cin‘! 
oe | 1.176 1567.9 34.2 0.986 | 975.1 
25 1.109 1478.5 5 ANP 0.968 929.4 
45.7 1.054 1405.7 30.6 0.952 893.1 
10.7 0.991 1321.9 28.6 0.933 846.0 
90.1 0.943 1257.0 AS 0.920 8152 
Tid 0.875 1156.6 Zo 0.901 765.0 
135.3 0.825 1099.3 23.8 0.887 728.2 
*160 0.703 935.9 21.9 0.867 680.3 
*190.1 0.628 837.0 19.5 0.845 616.2 
*211 0.578 770.3 17.9 0.829 572.9 
Molecular weight: 150.11. Radius of the Capillary tube: 0 04439 cm.; 
in the determinations indicated by *, R 


was: 0.04803 cm. 
Depth: 0.1 mm. 


The substance melts at 51°.5 C., and boils at 231.°5 C. constantly ; 
it can be undercooled to a high degree. At the boilingpoint z is 16.6 
Erg. The specific gravity at 24.°4 C. is 0.9689. 


26 
Proceedings Royal Acad. Amsterdam. Vol. XVIL. 
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VII. 


Methylbenzoate : C,H; . CO. O(CH,). 


st Maximum Pressure H S 
Suh, urface- Sraak Molecular 
a. tension Beens Surface- 
Vv . . 
an | el in Erg. pro | gravity d,.| energy “in, 
5 cH. df DE in Dynes cm’. Erg. pro cm2,/ 
0° 1.405 1873.1 41.0 1.106 1014.1 
won 1.306 1741.2 Sns 1.080 937.4 
*45 18222 1629.2 34.8 1.059 886.1 
ARS 1.110 1479.8 OIO 1.028 820.71 
*04.5 1.034 1378.7 29.4 1.006 714.6 
ls) 0.946 1261.2 27.4 0.984 ooo 
13575 0.875 1166.9 250 0.964 684.8 
160 0.791 1054.6 22.8 0.937 629.9 
192.5 0.686 914.6 19.7 0.902 H5SE2 


Molecular weight: 136.06. 


Radius of the Capillary tube: 0.04439 cm.; 


in the observations indicated by *, the 
radius was: 0.04352 cm. 
Depth: 0.1 mm. 


The boilingpoint of the compound lies at 195.°2 C. The liquid can 
be undercooled as far as —21° C.; then it crystallizes, and the crystals 
melt at about —15 C. Atthe boilingpointthe value of + is: 19.4 Erg. pro cm’. 


VIII. 


Ethylbenzoate: CsHs . CO . OC, Hs). 


200 


v : 
= Maximum Pressure H Surface- ie Molecular 
oe : tension x Specific Surface- 
a. : in Erg. per ity d,.| energy “in 
S |in mm. mer-| . gravity Ayo 
S cury of oe C,| in Dynes cm? Erg. pro cmz. 
le) 
—20.5 1.338 1783.8 39.0 1.081 1045.7 
0 S270) 1694.1 37.0 1.066 1001.3 
ehs) 1.213 1617.6 34.6 1.047 947.7 
©7401 1.148 1530.4 Saad | 1.032 904.3 
“45 1.044 1392.4 29.7 1.009 833.8 
* 04.4 0.972 1295.9 2156 0.995 782.1 
114.6 0.892 1189.4 25.8 0.980 738.5 
135.4 0.833 1110.6 24.0 0.964 694.6 
160.2 0.740 986.7 21.3 0.945 624.7 
192.1 0.649 865.0 18.6 0.921 554.9 
0.628 838.0 18.0 0.914 539.7 


Molecular weight: 150.08. 


Radius of the Capillary tube: 0.04439 cm. ; 


in the observations indicated by * this 
radius was: 0.04352 cm. 


The compound boils at 210.°8 C. It can be undercooled as far as 
—79' C., and then slowly crystallizes to a white mass, which melts 
at — 57° C. At the boilingpoint, x is 17.4 Erg. pro cm?. The great 
viscosity ofthe liquid at -70° C. makes accurate measurements impossible. 
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- IX. 
Benzylbenzoate: C,H;.CO.O(CH2.C,Hs). 
ie N | Maximum Pressure H Surface- fi Molecular 
hed . tension 7 Specific Surface- 
Be | in mm. mer- 5 | in Erg. pro | gravity d,. | energy » in 
= | eury of in Dynes | 2 Ere. 2 
& | tated | | cm rg. pro cm 
od ee | 4.622 2162.4 47.4 1.153 1533.2 
0 1.548 2063.5 45.2 1.136 1476.6 
25 1.456 1941.9 42.5 je 1405.7 
45 1.384 1851.8 40.5 1.099 1352.5 
10.8 1.294 1725.8 37.6 1.078 1271.9 
90.8 1.230 1640.0 35.8 1.062 1223.2 
106.2 1.179 1572.4 34.3 1.042 1186.9 
135.1 1.092 1455.2 31: 1.027 1107.6 
*159.9 0.949 1265.9 29.8 1.006 1055.6 
*190 0.890 1186.7 27.9 0.982 1004.4 
sali. 0.849 1132.6 26.6 0.965 968.8 
Molecular weight: 212.10. Radius of the Capillary tube: 0.04439 cm.; 


in the observations indicated by *, this 
radius was: 0.04803 cm. 
Depth: 0.1 mm. 

The substance boils constantly at 308° C.; it can be undercooled 
as far as — 70° C., and then crystallizes. The meltingpoint is some- 
what higher than + 12° C. At the boilingpoint z is 22.6 Erg pro cm’. 
The density at 25- C. is: Ayo = 1.1151; at 50? Ce KOM at Toe: Cs: 


10724; até. G.: d4o = 1.1357 — 0.000814 ¢. 


X. 


~ 


Salicylic Aldehyde: C,H;.COH. 


| E Maximum Pressure H Surface- Specif Molecular 
En tension x pea Surface- 
es inmm.mer- | _ in Erg. pro | gravity dao energy # in 
| Be sue in Dynes cm? Erg. pro cm’, 
ol 1.534 2045.5 44.8 1.176 989.4 
25 1.443 1923.8 42.1 1.152 942.6 
45.5 1.368 1823.8 39.9 T2132 903.9 
10.7 1.274 1698.6 31.1 1.108 852.5 
90.5 1.205 1606.5 35.0 1.090 813.1 
116.2 1.115 1486.8 32.4 1.066 764.0 
135.4 1.053 1403.8 30.6 1.052 11:95 
* 160 0.896 1195.1 28.1 1.030 677.9 
“190 | 0.796 1061.9 24.9 1.002 607.2 


Molecular weight: 122.05. Radius of the Capillary tube: 0.04439 cm. ; 
in the with * indicated observations, this 
radius was: 0.04803 cm. Depth: 0.1 mm. 

The boilingpoint is constant at 192.°5 C.; the substance soon solidifies, 
and melts at —7° C. At 25° C. the specific gravity is: 


at 50 C.: 1.1282; at 75° C.: 1.1036. At # in general: A4o= 1.1765— 


dyo= 1.1525; 


cM. 


Boca t—0.00000024 £. At the boilingpoint, the value of z is: 25.4 


Erg. pro cm?. 


26% 
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XI. 
Acetophenone: CH3. CO. C,Hs. 
= Maximum Pressure 1 Surface- are Molecular 
sO tension 7 PE Surface- 
&° jin mm. mer-|— in Erg. pro | gravity d,, | energy «in 
5 cury of in Dynes cm? 4 ‘Erg. pro cm?. 
24.8| 1.375 1833.6 40.1 1.024 963.5 
44.7 12 1703.1 One 1.007 603.8 
11 1.169 1558.9 34.0 0.984 839. 1 
90.3 1.098 1464.2 31.9 0.967 7196.3 
LI kf 1.017 1356. 2 29.5 0.945 147.8 
[3523 0.966 1288.6 28.0 0.929 TAS 
*160 0.824 1099.3 25.8 0.907 672.1 
*189.9 0.750 999.4 23.4 0.881 62155 
* 200 0.728 970.2 22 0.872 607.1 


Molecular weight: 120.06. Radius of the Capillary tube: 0.04439 cm; 
in the observations indicated by *, the 
radius was: 0.04803 cm. 

Depth: 0.1 mm. 
The compound boils constantly at 201. 5 C.; and becomes solid at 

—20° C.; it melts at + 20°.5 C. At the boilingpoint the value of „is 

22.6 Erg. pro cm?. The specific gravity at 25° C. is: do = 1.0236; at 


50°. Gs, 1.0026. 


XII. 


(CH): C.CH.CH; COOH. 


@-Campholenic Acid: | >CHs 
(CH,). C: CH 
2 : Maximum Pressure H Surface- ae Molecular 
SF tension 7 pecific Surface- 
Be in mm. mer- | in Erg. pro | gravity d, | energy «in 
iet cury of | in Dynes cm’. Erg. pro cm°, 
E 0e C. sit 
—19.8| (1.695) (2259.8) (52.6) 1.030 (1598.6) 
0 (alki | 1569. 2 31.0 1.016 1114.1 
25 HOT | 1436.6 33.8 0.999 1029.4 
45.4 1.019 | 1358.5 319 | 0.985 980.9 
10 0.953 | 1270.5 29.8 0.969 926.6 
85.3 0.915 1220.1 28.6 0.960 895.0 
117 0.846 1128.5 26.4 0.939 838.7 
138.1 0.805 NOWSe2 25.4 0.925 805.6 
156 Omit 1027.9 24.0 0.913 11:58 
NTE 0.728 970.2 22.6 0.902 739.1 
191.7 0.664 885.2 20.6 0.889 680.5 
212 0.608 810.6 18.8 0.876 627.8 
Molecular weight: 168.13. Radius of the Capillary tube: 0.04803 cm. 
Depth: 01 mm. 


Under a pressure of 12 mm., the compound boils constantly at 
153° C. Below 0° C. the liquid is extremely viscous; although the 
growing of the gas-bubbles lasted about 50 seconds, the measurements 
at —19°C. cannot be considered to be very reliable. The substance 
solidifies at —79 C.; above 160’ C. it gets yellow by a slowly proceed- 
ing decomposition. | 
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Molecular Surface-energy 
in Erg pro cm?, 


Fig. 2 
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§ 3. Values of the Temperature-coefficients of the 
Surface-energy u. 


molecular 
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Nitrobenzene. o-Nitrotoluene. 
Ou . Ou 
Temperature-interval: ap in Erg. Temperature-interval : a in Erg: 
t 
between 5° and 35° 1,53 between 0°? and 25° 1,81 
35°, ie 1,93 250 „ 490 2,19 
719 „ 1109 2.16 49° 123? 2,29 
11023 as 2,25 1237 %, PAR 2,42 
145° Se ASS 2,31 440 5 702 2,82 
Aniline. Dimethylaniline. 
between 0°? and 35° 1,57 between 26° and 46° “27 
85 iy de? 1,73 46° „ 184° 2,23 
70° „ 1749 2,16 | 
o-Toluïdine. Thymol. 
between —20° and +101° 1,98 between 0° and 160° 1,83 
Ore tj 2,44 160° „ 211° 2,09 
EE Wig 2.85 


Above 160° a graduzl decomposition 
with colouring of the liquid, sets in. 


Methylbenzoate. Ethylbenzoate. 
between ae and ra er between —20? and +200° 2,29 
” 7 
45°, 1920 2,21 
Bensylbenzoate. Salicylic Aldehyde. 
between —22° and +135° 2,70 between 0° and 160° 1,98 
1 160° 2,08 160° 190° 2,18 
1609 „ _ 211e 1,66 ‘ 
Acetophenone. z-Campholenic Acid. 
bet 25° and 45° 2,99 between —19°,8 cannot be determined 
A Jed? 2,45 and 0° independently of 
va uP 2,19 the viscosity 
0° 160° 1,76 o 
„ , 2 ° 
160°, 200° 1,61 Te asf ae 
25° AB 2,42 
45° 850 2,12 
850 | «117° 1,76 
1179 |: 138° 1,59 


Above 138° (decomposition) ca. 2,6 


Besides some straight lines, there are found here several curves 
for the dependence of u and f, showing in contradistinction with 
the formerly deseribed ones, the shape of that of water. 


Groningen, June 1914. Laboratory for Inorganic Chemistry 
of the University. 
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Chemistry. — “The Temperature-coefficients of the free Surface- 
energy of Liquids, at Temperatures from —-80° to 1650° C.: 
IV. Measurements of some Aliphatic and Aromatie Etheis.” 
By Prof. F. M. Jararr and Jur. Kann. (Communicated by 
Prof. P. van RoMBURGH.) 


§ 1. In this communication the results obtained in the measure- 
ments of the free surface-energy of a number of ethers, are recorded 
by us. With respect to the purification-methods and the determina- 
tion of the specifie weights, we can refer to communication II of 
this series*); also the arrangement of the data and the significance 
of the diagrams are completely the same as indicated before. 
This series includes the following aliphatic terms: 

Amylacetate ; Diethyl-Oxalate ; Diethylmalonate ; Diethylbromo- 
malonate; Diethyl-Ethylbenzylmalonate; Dimethyl and Diaethyltartrates; 
and the following aromatic substances : 

ortho-Nitroanisol; Methyl-, Ethyl-, and Phenyl-Salicylates ; Methyl- 
Cinnamylate. 


L 
| Amylacetate: CH3. CO. O(C5H,). | 
| 5 ; Maximum Pressure H | Surface- | : | Molecular 
| =o tension Specific Surface- 
| le) : : 
| Se ET ace Ar in See gravity d,,| energy aie 
Ë a of 0° C. y cm”. Erg. pro cm?, 
Sb 1.099 1465.8 34.6 0.968 907.8 
|—21 0.915 1220. 1 28.7 OGIS Er dS 
ped) 0.850 118256 26.6 | 0.896 | 1734.9 
ee ee Orel 1028.6 24.1 0.369: ij 619,5 
| 46 0.712 949.4 22.2 | 0.847 636.8 
66.5 0.653 870.3 20.3 0.827 591.6 
| 86.5 0.600 | 799.5 18.6 04808: 21)" |. HDS 
106 | 0.549 fc De 17.0 0.790 | 510.8 
125 0.506 614.6 | 15.6 0.774 4715.1 
146 0.461 614.6 14.2 0.752 440.9 
Molecular weight: 130.11. Radius of the Capillary tube: 0.04803 cm. 
Depth: 0.1 mm. 
‘The boilingpoint of the carefully dried compound lies at 148.°4 C.; 
at this temperature z is 14.0 Erg. pro cm? 


ee 


1) F. M. JAEGER and M. J. Smit, These Proc. (1914) p. 365. 
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Il. 


Diethyl-Oxalate: (C2H;) 0. CO. CO. O(C, Hs). 

= : Maximum Pressure H Surface- eee Molecular 
SO tension 7 ea Surface- 
a. in mm, mer-| | in Erg. pro | gravity d,, | energy » in 
ll 0E 

ES ae LL 1569.9 37.0 1.139 941.0 

0 Ue te 1482.5 34.9 110 903.0 

26 1025 0 „435555 32.1 1.074 848.8 
46 0.952 1278.4 30.0 1.050 805.5 | 
66.7 0.896 1195.1 28.0 1.025 764.0 
86.5 0.818 1091.0 20:59 1.001 706.8 
106 0.768 1024.4 23.9 0.977 673.3 
125 0.717 955.9 222 0.954 635.4 

| 145.5 0.650 866.6 20.1 0.930 581.1 
166 |.) (02568 157.3 17.6 0.905 521.8 
184 0.478 637.3 | 14.6 0.883 440.0 
Molecular weight: 146.08. Radius of the Capillary tube: 0.04803 cm. 

Depth: 0.1 mm. 

The substance boils at 99.5 C. constantly, under a pressure of 
about 12 mm. In solid carbondioxide and alcohol it soon solidifies, 
and melts at —41.°5 C. Above 160° C. the ether seems to decompose | 
slowly. 


Ill. 


Diethylmalonate: (C2H;) O0.CO.CH,.CO. O(C2Hs). 


| 

— 

| g Maximum Pressure Surface- Bet Molecular 

| Den tension x Ke Surface- 

| a in mm. mer-) in Erg. pro | gravity d,, | energy » in 

‚5 cury of in Dynes cm?, 4° |Erg. pro cm? 

|E 02E: 

—10:9| 1.937 1649.2 35.5 1.095 985.3 
0.7] 1.167 1555.8 SEE 1.075 941.2 
8.5 1.142 1252 32.9 1.068 928.4 

Zoe 1.077 1435.9 310 | 1.050 884.8 
34.5 1.044 1391.9 30.0 1.041 861.2 
50.1} 0.904 132522 28.5 12025 826.6 
69.2 0.920 1226 28" &} 26.3 1.005 7712.9 
102 0.804 1071.8 250 0.969 692.5 
| 124.5 0.123 963.9 20.6 0.945 630.7 
| 144 0.660 880.2 18.8 0.924 584.3 
148.7) 0.649 866.4 18.5 0.919 Ddl 

PLT 0.571 | 761.6 16.2 0.896 513.9 

| Molecular weight: 160.1. Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 mm. 


_ The compound boils constantly at 197.°3 C.; after crystallisation, 
it melts at — 50’ C. At 25 C. the specific gravity was 1.0518; at 50° C.: 
1.0254. At the boilingpoint the value of 7x is: 13.7 Erg pro cm’. 


nend 


Diethyl-Bromomalonate: (C‚H3)O. CO, CHBr. CO. O(C2Hs). 


| 
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IV. 


E : Maximum Pressure MH Surface- an ae Molecular 
oO tension x Bees Surface- 
Ve . . . 
a. in mm. mer- in Erg. pro | gravity d,. | energy v in 
B= cury of in Dynes cm2, An Erg. pro cm2. 
a eG 

—20.7 1.250 1666.5 39.1 1.464 1168.2 

0 1.165 1553.2 36.4 1.436 1101.6 

26 1.065 1419.9 33.2 1.401 1021.5 
45.5 0.999 1332.5 31.1 | ees A 968.9 
66.6 0.943 1257.6 29.3 1.347 925.4 
86.5 0.896 1195.1 27.8 1.320 890.0 
106.5 0.853 1136.8 26.4 1.293 856.9 
126 0.815 1086.8 25.3 1.266 832.8 
146 0.780 1039.9 24.2 1.240 807.7 


Molecular weight: 239.09. 


Radius of the Capillary tube: 04803 cm.; 
Depth: 0.1 mm. 


Under reduced pressure (ca. 20 mm.) the substance boils constantly 
at 121° C.; at —54° C. it becomes a jelly, but does not crystallize. 
Above 150°C. it begins to be tinged brownish, apparently by beginning 
deposition. The specific weight at 25°C. is: 1.4022; at 50° C.: 1.3688; 
ate ioe Cel 3509; AE RG: dyo = 1.4361—0.001356 ¢ + 0.0000004 #2. 


V. 


BNN 


Diethyl-Ethylbenzylmalonate: 


(CpHs)O . CO. C(CoHs) (C4 Ho). CO . (CoH). 


= Maximum Pressure H Surface- ! Molecular 
ae tension Specific Surface- 
a. in mm. mer- in Erg. pro | gravity d,, | energy » in 
EE cury of in Dynes 2 a4 2 
2 oC. cm2, Erg. pro cm2, 
le) 
—20.2| (2.174) (2898 . 4) (68.8) 1.086 (2775.0) 
0 1.241 1654.5 39.0 1.072 1586.7 
26 E21 1494.9 dn: 2 1,052 1450.1 
45.5 1.050 1399.9 32.9 1.035 rl) B 
66.6 0.984 {SUL 27 30.8 1.016 1298.7 
86.7 0.940 1253.4 29.4 1.001 1252.1 
106 0.901 1201.2 28.1 0.986 1208.8 
126 0.853 1136.8 26.6 0.971 1156.0 
146 0.805 1073.2 251 0.956 1102.2 
166 0.759 1011.9 23.6 0.941 1047.3 
184 0.690 920.3 21.4 0.927 959.2 
206.5 0.637 849.5 19.7 0.911 893.3 | 


Molecular weight: 278.18. 


Radius of the Capillar tube: 0.04803 cm. 
Depth: 0.1 mm. 


Under 12 mm. pressure, the substance boils constantly at 189° C.; 


1.0098. At ¢° C. in general: 


d 


at — 79° C. the liquid becomes a feebly opalescent glass. Already at 
— 20° C. the viscosity is enormous, and at 0° C. again very great. 
The grow of the gas-bubbles at 0° C. lasted about 40 seconds. The 
specific gravity at 25°C. is: Ayo = 10531; at-507 Css 1.03227 ab. 162 GC; - 


9 = 1.0725 — 0.000746 £—0.0000012 ¢’. 
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VI. 


Dimethyltartrate: (CH3)0.CO.CH(OH)CH(OH).CO.O(CH3). 


= Maximum Pressure H Surface- a0 Molecular 
Pe tension pees Surface- 
a |in mm. mer-| _ in Erg. pro | gravity d yo | energy » in 
5 eet in Dynes cm?, Erg. pro cm? 
45 1.490 1986.6 43.2 1.306 1144.6 
1071 1.405 1873. 1 40.7 1.281 1092.2 
| 90.7 1.340 1786.5 38.8 1.261 1052.2 
116.2 1.255 1673.2 36.3 1.235 998.2 
| 135.5] 1.200 1599.5 34.7 1:216 964.1 
* 159.6 1.046 1395.0 Pe | 1.192 920.7 
*190 0.974 1299.2 30.4 1D 876. 1 
“210.3, 0.929 1238.5 28.9 1.131 842.7 


(C4HB)O . CO. CH(OH). COH) . CO. O(C2Hs). 


Molecular weight: 178.08. Radius of the Capillary tube: 0.04439 cm; 


in the observations indicated with *, it was: 
0.04803 cm. 
Depth: 0.1 mm. 


The compound boils under 12 mm. pressure, at 180° C. constantly ; at 


VIL. 


Diethyltartrate : 


| 79°? C. it becomes a glass, which crystallizes with extreme slowness ; 
the solid substance melts at + 48° C. Even at 25° C. the ether is so 
viscous, that no reliable measurements were possible. 


a 


5 Maximum Pressure H Surface- eee Molecular 
BS tension 7 PCE Surface- 
je in mm. mer- in Erg. pro | gravity d,, | energy w in | 
E- |  cury of in Dynes cm?. Erg. pro cm?, 
= OE, 
da IS Pat 1755.5 37.6 1.210 1155.4 
45.3 1.241 1654.4 35.4 1.191 1099.3 
14.3, 1.134 1512.0 d220 1.164 1018.5 
91.1 1.082 1443.0 30.8 1-147 980.8 
110.1 1.024 1364.9 29.1 1.129 936.5 
134.7) 0.948 1263.8 26.9 1.105 878.2 
150.1 0.899 1199.4 2985 1.091 839.6 
160.3 0.872 1162.7 | 1.081 818.2 
192.7| 0.765 1019.9 22.0 1.050 « 143.1 
121204) 0.716 955.9 20.2 1.032 690.2 


Molecular weight: 206.11. 


Depth: 0.1 mm. 


make reliable measurements possible. 


EE EET Molen 


Radius of the Capillary tube: 0.04352 cm. 


Under circa 16 mm. pressure, the boilingpoint is 166 5 C. At —79° 
the liquid becomes glassy, and crystallizes very slowly at —20° C.: 
only after 5 or 6 hours all has got crystalline. The meltingpoint is 
15° C. At 0°? and lower temperatures the liquid is too viscous, to | 


‘6 SU 
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VIII. 
ortho-Nitro-Anisol : (CH3) O0. C6H4. (NO). 
(1) : (2) 
= ; Maximum Pressure H Surface- SEE Molecular 
| B tension x ae Surface- 
| En ‚in mm. mer- 5 ‚in Erg. pro | gravity da. | energy » in- 
| &-= cury of in Dynes cm?. ‘Erg. pro cm? 
| & 0° C. es 
o | 1.613 | 2150.4 50.8 1.273 1237.6 
25.4 [331 | 2048.8 48.4 1.247 1195.4 
44.9) 1.480 | LEE 46.6 1227 1165.1 
70.1) 1.390 1853.0 43.7 | 1.202 1106.1 
85.3 1.340 | 1786.4 42.1 | 1.187 1074.6 
117 1.227 1635.8 38.4 | 1.156 997.6 
138.2 1.160 1546.5 sae | 1,135 947.3 
156 1.109 | 1478.2 34.7 1.118 921.8 
(Zeal 1.043 1390.8 32.6 1.102 874.4 
191.5, 0.968 | 1290.5 30.2 1.083 819.4 
212 | 0.850 1133.0 26.5 | 1.062 728.8 


Molecular weight: 153.07. Radius of the Capillary tube: 0.04803 cm. 
Depth: 0.1 mm. 


The substance boils constantly at 272’ C.; at — 20° it solidifies, 
and melts at + 10° C. Above 165° C. a slow decomposition begins. 
The specific weight at 25° C. is: Ayo == 4.2472: vat 50° Cs 12218 ab 


| 715° C.: 1.1970: at # generally: dyo= 1.2732—0.001052 £ + 0.00000048 £2. 


IX. 
Methylsalicylate: C;H4 (OH). CO. OCH; . 
(1) (2) 

| 

5 Maximum Pressure H Surface- | = Molecular 

hee | tension 7 Specific | Surface- 
| En | in mm. mer- in Erg. pro \ gravity d,, | energy # in 
BE cury of in Dynes cm?. Erg. pro cm?, 
É een ee 
A08 A 518 2023.8 44.2 1.220 | 1102.9 

0.3 1.436 1914.8 | 41.8 1.202 | 1053.4 

Se | 1.372 1829.0 | 39.1 1.179 098.1. 
* 45 1.303 1737.2 37.1 1.158 956.4 | 
alt aI 1.193 1590.1 | 33.9 1.128 | SOL 
hate 1.124 el er 31.9 1.110 | 848.3 

114.5 1.031 Bg bi ea 29.8 | 1.092 801.2 
| 135.2) 0968" | 1206-5 | eo) 108 758.4 
| 160.5 0.867 | 1155/70 24.9 | 1.050 686.7 
| 192.9] 0.760 1013.7 | 21.8 | 1.021 612.6 
| 212.2 0.696 | 928.1 | 19.8 | 1.003 562.9 


| Molecular weight: 152.06. Radius of the Capillary tube: 0.04439 cm.; 
| in the observations, indicated by *, it was 
| 0.04352 cm. 

Depth: 0.1 mm. 


The substance boils at 217.°6 C. constantly; it can be undercooled 
as far as — 50° C.,, and crystallizes to a solid mass, which melts at 
— 16° C. At the boilingpoint z is: 19.3 Erg. pro cm?. The density at | 
ZES: Ayo = 1.1787; at 50° C.: 1.1541; at 75° Cis 1.1285. AL AE: 


| do = 1.2023—0.000924 f —0.0000008 #. | 


ame ee nn eC 
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X. 

Ethylsalicylate: C;H4 (OH) . CO. O(C,Hs) . 
(1 2) 


5 Maximum Pressure MH Surface- Molecular 
Ede, tension Specific Surface- 
ane in mm. mer-| in Erg. pro | gravity d,, | energy » in 
5 ae in Dynes cm?. : Erg. pro cm? 
0°? 1.346 1794.5 39.1 1.154 1073.8 
* 25 1.215 1700.4 36.3 1.130 1011.0 
* 45°01 1.206 1608.5 34.3 1.110 966.7 
mal 1.110 1479.8 SS 1.082 903.0 
* 94.3 1.047 1395.9 29.7 1.063 861.6 
115.1] 0.963 1284.1 27.8 1.043 816.7 
135.2 0.906 1207.4 26.1 1.024 7716.2 
159.8 0.828 1103.8 23.9 1.001 118.6 
193 0.723 964.2 20.7 0.980 633.9 
212.5 0.669 892.1 19.1 0.962 50292 


Molecular weight: 166.08. Radius of the Capillary tube: 0.0:439 cm. 
in the observations, indicated with * it was: 
0.04352 cm. 

Depth: 0.1 mm 


The substance boils at 231.°2 C. constantly; at —20° C. it solidifies 
and melts at ca. —10° C. At the boilingpoint 7 is 17.6 Erg pro cm?. 
The specific weight at 25° C is: 1.1298; at 50° C. : 1.1053; at 75° C. :1.0806. 
At @ it is calculated from: dy. = 1.1541—0.000968 ¢ — 0.00000016 ¢. 


XI. 


Phenylsalicylate (Salol): ge De . CO. O(C6 Hs). 
( 


5 . Maximum Pressure Surface- ae Molecular 
tension x rue Surface- 
ee in mm. mer-| | in Erg pro | gravity dy. energy # in 
5 cu at in Dynes cm?2, Erg. pro cm?2. 
—20.1 (2.613) (3482.8) (76.5) 1.221 (2396.4) 

0 st! 2095.1 45.7 1.202 1446.7 
25 1.485 1980.6 43.2 1.179 1385.2 
45 1.419 1892.3 41.2 1.160 1305.1 
1 1335 1779.7 SS 1.136 1272.0 
90.1 | 1695.8 36.8 1.120 1221. 1 
116 1.193 1590.4 3425 1.098 1160.0 
135 1.132 1509.3 DO 1.078 1130.3 

*160 0.971 1295.0 30.3 1.055 1046.3 
*189.8 0.890 1186.7 On 1.026 974.5 
S26 0.846 1128.5 26.3 1.006 637.5 


Molecular weight: 214.08. Radius of the Capillary tube: 0.04439 cm; 
in the observations, indicated with * it was : 
0.04803 cm 
Depth: 0.1 mm. 
Under 12 mm. pressure, the salol boils at 173° C.; at —33° C. it 
crystallizes spontaneously, and melts at +42’ C. It can be under- 
cooled to a very high degree, and possesses a small velocity of crys- 
tallisation. At 35 C. the specific gravity is: 11697; at 50 C.: 1.1553; 
at-15°*G, = \b1G30 
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Some other derivatives of aromatic phenoles: Anisol, Phenetol, 
Anethol, Guajacol, Resorcine-Mono-, and Dimethylethers; Hydrochinon- 
Dimethylether have been described before by the first of us*). The 
temperature-coefficients of these compounds are however also reviewed 
in the present communication, because they were not mentioned in 
the one referred to. (Vid. also the preceding communications.) 


Molecular Surface energy 
in Erg pro cm?. Fig. 3. 
1460 


7430 


óJ0 
20° O° 20° 40° 60° 80° 100° 120° 140°160" 180° 200° 220° Temperalure, 


OS M. Jaeger, These Proc., Comm. I. (1914) p. 354 seq. 
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XII, 
Methyl-Cinnamylate: C‚s. CH: CH. CO. O(CH,). 
& : Maximum Pressure H Surface- Specifi Molecular 
SO tension 7 Bronte Surface- 
o°? . : 5 
8 lin mm. mer-| | in Erg.pro | gravity d,,| energy » in 
EA oee in Dynes em?. 4° Erg. pro cm? 
e fs 
45 | 1.329 1771.8 38.7 1.062 1105.2 
71 15250 1639.8 oes. 1.038 1038.1 
90.6 1.166 1554.5 33.9 1.020 994.5 
116.2 1.092 1455.2 ee 0.997 944.2 
135.4 1.024 1365.2 29a 0.980 894.9 
ASO 0.868 1157.6 Al 0.958 829.0 
*190.5 0.777 1035.9 24.2 0.930 155.1 
*210.9 0,712 49.4 2281 0.911 699.1 
| 


Molecular weight: 162.08. Radius of the Capillary tube : 0.04439 cm. ; 
in the observations, indicated by * it was: 
0.04803 cm. 
Depth: 0.1 mm. 


The ether boils at 253.°5 C., and melts at 36.°5 C. At the boiling- 
point x is: 18.6 Erg. pro cm?. The specific gravity at 35°C. is: 
Ago = 1.0700; ‘at: 50°" G: 1.0573 at-i5° Cl: 1.0340. 


§ 3. Values of the Temperature-coefficients of the molecular 
surface-energy uw of the studied compounds. | 


Amylacetate. Diethyl-Oxalate. 
u Ou 
Temperature-interval: de in Erg: Temperature-interval: = in Bre: 

t t 
between — 70? and — 21° 2,59 between — 20° and 0° 1,8 
— 21° and + 66° 2,14 0°? and 66° 2,02 
662-and 106’ 2,05 66° and 106° Be 
106° and 148° 1,73 106° and 146° 2,3 
146° and 184° 3,6 


Above 1462 a decomposition seems 
slowly to set in. 


Diethylmalonate. Diethylbromomalonate. 

between — 20° and + 171° 2,52 between — 21° and 0° 3,20 
0? and 26° 3,08 

26° and 46° 2,67 

46° and 67° 2,04 

67° and 86° Lis 

86° and 106° 1,63 

106° and 126° 1,35 


126° and 146° 1,23 
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Diethyl-Ethylbenzylmalonate. 
Ou 


Temperature-interval: - in Erg: 


between —20° and 0°? cannot be deter- 


mined indepen- 
dently of the vis- 
cosity. 
0° „ 26° 5,2 
26°” „669 3,1 
66° „ 106° 220 
1069 „1269 2,6 
1269» 1462 2u 
146° ,, 166° 215 
166° 206° 3,85 


” 


Above 166° a slow decomposition begins 
to make itself perceptible. 


o-Nitroanisol. 


between 0° and 45°? 1,61 
10 te VA 2,29 

NE Ap 2,82 

192° 2122 4,45 


Above 170° a gradual decomposition 
sets in, which proceeds very slowly. 


Ethylsalicylate. 
between 0° and 212° 2,23 
Methylcinnamylate. 
between 45° and 210°,9 2,44 
Phenetol. 
between —12° and 0° 2,0 
0? 65, 1493 2,29 
TAS Te 1602 2,13 
The curve is almost a straight line, 
0 
with a 2,14. 
ot 
Guajacol. 
between 26° and 146° PAl 
146° „2068 2,66 


Dimethyltartrate. 
0 
Temperature-interval: ee in Erg: 
t 
between 45° and 117° 2,08 
Tie MOP 1,77 
160° > 7, 2102 1,53 
Diethyltartrate. 
‚between 25° and 742,3 213 
14° „135 2,35 
| 
| Methylsalicylate. 
‚ between —19,°8 and 212° 2,30 


Phenylsalicylate. (Salol). 


between —20° and 211°,6 2,43 

| Anisol. 
‚between —21° and +45° 1,88 
| 45?" en IP 2,14 
91° | 151° 2,63 

Anethol. 
between 24°,7 and 75°,1 2,53 
| 152, «4, 218° 225 


Resorcine-Monomethylether. 


| between —20° and O° cannot be deter- 


mined indepen- 
dently of the vis- 
cosity. 
0°. 262 4,3 
26° , 46° 2,45 
46° , 184° 1,82 
1849 „ 206° 2,97 
Above 1849 a decomposition sets in 


slowly. 
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Resorcine-Dimethylether- Hydrochinon-Dimethylether. 
Ou Ou 
Temperature-interval: EP. in Erg: | Temperature-interval: + in Erg: 
between —22° and 0° 2,83 ‚between 66° and 106° 211 
Neeter lie 225 | 106° „ 166° 2,46 
1669. „2065 2,88 


Up to 166°, this w-f-curve coincides 
practically with that of guajacol and of 
‚resorcine-dimethylether. 


Pyridine. z-Picoline. 
between —79° and —20° 1,79 ‚ between —70° and — 20°,7 2,83 
—20° „ +25° 2,04 —20°,7 , —+126° 2,02 
PO ene ae 1,60 
Chinoline. 
between —21° and +45°,2 1,92 
450%) AI5S 2,10 
LED 250 2,33 


$ 5. Also for these substances one can state, that a decom- 
position of the compound causes an extraordinarily rapid decrease 


: 0 
of the values for y or «u with increasing temperature: a becomes 


much larger in such cases with rising temperature. Furthermore it 
can be seen from the cases of salol, diethylbenzy!malonate, resorcine- 
monomethylether, etc., that an extraordinarily great viscosity of the 
liquid can appreciably diminish the accuracy of the measurements ; 
however the case of dimethyltartrate on the contrary proves, that 
sometimes reliable results can be obtained, even with very high 
values of the internal friction. 


Groningen, June 1914. Laboratory Inorganic Chemistry 
of the University. 


Chemistry. — “The Temperature-coefficients of the free Surfaces 
energy of Liquids, at Temperatures from —80° to 1650° C.: 
V. Measurements of homologous Aromatic Hydrocarbons and 
some of their Halogenderwatives’.:By Prof. Dr. F. M. JarGER. 
(Communicated by Prof. P. van RoMuBURGH.) 


$ 1. In order to answer also the question of an eventual depend- 
ence between the chemical constitution of liquids and the values 
of their free surface-energy and of its temperature-coefficient, in 
27 
Proceedings Royal Acad. Amsterdam. Vol, XVII, 


406 


this communication the results of the measurements are recorded, 
made with a series of homologous hydrocarbons and some of their 
halogen-derivatives. With respect to the methods of purification, the 
determination of the specific gravities, and the significance of the 
diagrams, we can refer to the previous communications. 

This series includes the following terms : 


Benzene; Toluene; para-Xylene; Mesitylene; Pseudocumene; Tri- 
phenylmethane ; Chlorobenzene; Bromobenzene; meta-Dichlorobenzene ; 
para-Fluorobromobenzene; meta-Fluorotoluene; and para-Chlorotoluene. 


For the purpose of comparison with benzene, also Cycloherane 
was taken into account here; the data relating to benzene were 
already published in a former paper *), but are repeated here once 
more for comparison with the other hydrocarbons. Thé obtained 
results are put together in tables, in the ordinary way. 


§ 2. Aromatic Hydrocarbons and some Halogenderwatives. 


Cyclohexane: Clo. 


i | | | 
| = Al Maximum Pressure H Surface- | wer | Molecular | 
| oe ee, tension 2 | Peete | Sarfage 4 
| Bn in mm. mer-, in Erg. pro | gravity d,, | energy in 

Fy cury of in Dynes | cm?. Er _pro cm?. 
es | 0° C. | sp 

o> | 02830, 1 | 16 25:83 el 0:88 | BOT 
‚19 0.785 | 1046.8 | 26.7 0.778 605.9 
12460) 0S | 1007.6 25 O3 585.7 
1:40. le 0682 | 909.2 | 23.1 | = 068 „rl nee 2 
| 58 i 0601 801.2 20.3 | 0.744 414.6 
| 70 0.548 13056 4 18.4 OTIS 
[80 | 0.504 | 671.6 16.9 | '0:128 402.7 

| | 
Molecular weight: 84.1. Radius of the Capillary tube: 0.05240 cm. 
Depth: 0.1 mm. 
The liquid boils constantly at 80.°7 C.; at this temperature the value 


of 7 is: 167 Erg. pro cm? Jt solidifies at 10 C.; the crystals melt at 
+82 C. The specific gravity at 25° C. is. 0.7733; at 35° C.: 0.7645, 
at 50°C; O:7b1 SAT eG: d> = 0.7958—0.000913 f + 0.00000053 #7. 


i 


= — ee 


1) F. M. JacGer and M. J. Suir; F. M. JAEGER and J. Kaun; F. M. JAEGER, 
these Proc., Cemm. I, IL, IV. (1914). 
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jig 


Benzene: (C,H. 


Vv Fy 

ake Maximum Pressure / Surface- ae Molecular 
ae 4 tension / Ee Surface- 
a. jin min. mer-| | in Erg. pro | gravity d energy « in 
5 er Ee ‚_ in Dynes | cm?, | 40 Erg. pro cm?, 

4 

5.4 1.077 1436.7 30.9 0.895 607.7 
9.5 1.055 1406.5 30.2 0.889 596.6 
ra ae | 0.969 1291.9 at. b 0.873 553.8 
35 0.920 1226.5 26.3 0.862 530.3 
55 0.836 1114.6 23.8 0.841 487.8 
14.6 | 05157 1009.2 21.6 0.817 451.4 


Molecular weight: 78.05. Radius of the Capillary tube: 0.04385 cm. 
Depth: 0.1 mm. 


The compound was already formerly described !), and is here only 
mentioned for purpose of comparison. The boilingpoint is 80.5 C.; 
at this temperature x is: 20.7 Erg. pro cm?. 


1) JAEGER, These Proceedings, Comm. I. (1914). 


Ill. 


Toluene: CH. C6Hs. 


wv | 
Ere Maximum Pressure H | Surface- eee Molecular 
hen tension z pecific Surface- 
| Ee in mm. mer-/ | in Erg. pro gravity dio | energy / in 
5 Az ou OF | in Dynes cm2, Erg. pro cmz?, 
| 
Ene 1,385 1846.5 43.7 0.956 918.1 
—21 1.090 1453.2 34.3 0.905 747.6 
0 1.006 1340.8 31.6 0.884 699.5 
26 0.906 1207.6 28.4 0.860 640.3 
46 0.831 1107.6 26.0 0.841 595.0 
66.6 0.756 1007.7 23.6 0.823 547.9 
86.5 0.693 924.4 2156 0.803 509.7 
106 0.637 849.5 19.8 0.783 475.2 
E | 


Molecular weight: 92.06. Radius of the Capillary tube: 0.04803 cm. 
Depth: 0.1 mm. 


| The commercial toluene appeared always to manifest a turbidity 
of the liquid at — 22° and — 79° C.; a solid substance in little quan- 
tities separated at the walls of the tube. The here used toluene there- 
| fore was especially prepared by distillation of sodium phenylacetate; 
it was dried by means of phosphorpentoxide, and boils at 109.°4 C. 
Down to —20° C. it remains perfectly clear; at — 79° C. it shows, as 
e.g other hydrocarbons (pseudocumene) do, a slight turbidity. At the 
boilingpoint z is 19.5 Erg. pro cm?’ 
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IV. 


para-Xylene: (CH,) .CgH,.(CH3) . 
(1) (4) 


| 
| 
| 


£ | Maximum Pressure 1 ere Molecular | 
go | 2. Wt) | tension , Specific | Surface | 
S.- in mm. mer-! | in Erg. pro | gravity do, energy in| 
| == cury of | in Dynes | cae. 4 Erg. pro cm? 
vu | | 
= | OE | | 
Te en = a Es ZE en — 
| 25.7; 0.928 | 1236.7 20.1 | 0.857 723.3 
45.9 0.853 MST 4 26.7 | 0.839 672.6 
66 | 0.774 1031.9 24.2 | 0.821 618.5 
86.5 0.709 945.2 | 221 0.802 513.7 
106 , 0.648 863.9 | 20.1 0.784 529.8 
126 0.597 7194.6 18.5 0.766 | 495.2 
Molecular weight: 106.08. Radius of the Capillary tube: 0.04803 cm. 


Depth: 0.1 mm. 


The substance boils at 136.°2 C. and melts at 15°C. Atthe boiling- 


point 7 is about 181 Erg. pro cm?. At 20° the density is Ajo = 0.8611. 
| 


V. 


Mesitylene: (CH,);.C5H,. (1-3-5-). 


| 


v . | | | 
Ze Maximum Pressure H Surface- ‚_ Molecular 
en : tension 7 ao Surface- 
a. in mm. mer- _ in Erg. pro | gravity d,, energy in 
5 j cury of | in Dynes cm, | 4° Erg. pro cm?, 

LE OLE kl | | 

| az i Î 

20-8 1.141 A | | 32.6 0.897 853.2 

0 1.061 1415.4 30.3 . 0.880 803.2 

25.5 0.972 1296.0 Zil 0.859 746.2 
45.2 0.907 1208.7 25.8 0.843 703.8 
14.7 0.807 | 1075.4 22.9 0.818 63153 
91.3 05755 | 10064 | 2 21.4 0.804 | 602.5 
140% 0.700 | 933.0 | 19.8 | 0.788 | 565.0 
134.5) 0.631 841.0 | 17.8 | 0.768 | 51657 

| 150.5) 0.585 | fie) | 16.5 | 0.754 | 484.8 
160.5] 0562 | MS eB a ae PO 


| 


| 

| 

| Molecular weight: 120.1. Radius of the Capillary tube: 0.04352 cm. 
| Depth: 01 mm. 


| 
| 
| 
The compound boils at 162.98 C. constantly. At —46° C. it soli- | 
difies to an aggregate of long, silky needles. | 


ne == — = <i a 
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Vi. 


Pseudocumene: (CH3), . Cg Hs (1-2-4-). 
- : Maximum Pressure H Surface- if Moteentek 
ie tension 7 Specific | Surface- 
(cB) . . | 3 
Be fill mme.mêr= ee inErg. pro | gravity d, | energy in 
5 re ae in Dynes cm? 4 Ere: pro cm2,| 
—21 1.084 1444.9 34.1 0.910 883.9 | 
0 1.031 1374.1 32.4 0.893 850.5 | 
26 0.953 1270.1 29.9 0.871 798.0 
46 0.890 1186.4 27.9 0.855 153.9 
66.5) 0.828 1103.5 25.9 0.839 108.8 
86.5 0.768 1024.4 24.0 0.823 665.2 
NOS ed 0.725 966. | 22.6 0.807 634.7 
[bear | 0.656 874.5 20.4 0.792 580.1 
| 145.9 0.600 799.5 18.6 0.776 536.2 | 
166 0.525 699.6 162 0.760 41550 A 


| 
| 
| 
| 


Molecular weight: 120.1. 


Depth: 0.1 mm. 


Radius of the ere tube : 0.04803 cm. 


The substance boils at 168.°5 C. constantly. It solidifies at —79° C. ; 
the meltingpoint is about —60° C. At the boilingpoint the value of | 
x is 15.8 Erg. pro cm?. 


Molecular Surface- 


energy in Erg pro c m?. 


960 
930 
900 
S70 
S40 
S10 
780 
750 
720 
690 
660 
G30 
600 
570 
540 
570 
480 
450 


-50°-60°-40°-20° O° 


Bigs IP 


Temperature. 


20° 4O° 60° 80° 100° 720 °7140° 760750 


VII. 


Triphenylmethane: CH (C,H;);. | 


w 3 | 
5 Maximum Pressure I | Surface- N Molecular | 
| ae tension 7 Specific Surface- — 
Er in mm. Ss Sap | in Erg. pro | gravity 40 energy » in| 
Bt |, See eee cm?, | Erg. pro cm? 
| OC, | | 
| \ 
o | | ; 
138.4) 1.074 | 1432.4 88,7 0.984 1330.5 
156 1.044 | Woe og 32.8 0.971 1302.6 
fii; 4 0.999 | 1332.5 31.3 0.959 1257.1 
194 | 0.909 | 12115 4 28.4 0.942 1154.4 
212 0.833 1110.5 26.0 0.928 | 1067.4 


| 


Molecular weight: 244.11. Radium of the Capillary tube: 0.04803 cm. 
Depth: 0.1 mm. 


The meltingpoint of the compound is 92° C.; it is hardly possible 
to keep it in undercooled condition. Above 165° C. a slow decom- 
position begins; finally the liquid is coloured brown. The specific 
gravity d4o is at 95° C.: 1,017; at 100°: 1,013; at 125° C.: 0,994; at 


150° C.: 0,975; it was determined by means of the hydrostatic balance. 
At ? do = 1,013 — 0,00076 (f — 100). 


VIII. 


Chlorobenzene: C,H; Ci. 


| 
i) 5 | 
5 0 Maximum Pressure H | Surface- | ine _ Molecular 
Se | oe So ee i a | Surface- | 
ze in mm. mer-, ‚in Erg. pro | gravity do energy # in 
| 5- cury of | in Dynes | cm?. | Erg. pro cm? 
| lam OPE | } | | 
iel 1.982 | dees |. mani ee 
[8 1184 | ORS “ae Ee ee WE ye | 
hiet cn 1.143 1524.5 | 32.9 1.101 | 719.1 
ee 1.099 1465.5 31.6 | 1.090 | 695.3 
| 50 | 0.980 | 1306.6 | 296 | 1.013 | 658.1 
70.5) 0.893 | 1190.2 | 26.9 | 1.051 | 606.4 
90 | 0.805 | _ 1049-0 - 3 24.2 | 1.029 | 553.0 
“102 | 0.807 1075.4 Paes | | 1.016 523.4 
* 114.5) 0.751 1001.8 | Zn | 1.003 | 490.7 
“122° SOA 955.9 | 20.1 | De Aaa 


| 


Molecular weight: 112.5). Radius of the Capillary tube: 0.04638 cm.; 
with the observations, indicated by *, R 
was 0.04352 cm.; with those: **, it was: 
0.04408 cm. 

Depth: 0.1 mm. 


The compound boils at 131° C. constantly; at — 34.°5 C. it is 
completely crystallized. 
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IX. 


Bromobenzene: C,H, Br. 


E Maximum Pressure H Surface- | Molecular 
ze | Ie teusion 4 Specific Surface- 

a. in mm. | in Erg | i Siem 
ES | mercury of | in Dynes NE dee re ofa Erg 

o | : pro cm?. 

| Ome: | pro cm? 
5 ; ———_——— 
—17.5 1.394 1858.6 42.2 1.546 918.4 
al 1.309 1746.4 39.6 1.519 872.0 
Ps 1.267 1698.5 36.5 1.488 814.9 
730.6 | 1.229 1638.5 S52 1.474 790.8 
*49.8 bie 1562.5 33.5 1.456 158.8 
Ls 1.032 131.6 =| 31.0 1.425 712.3 
de 0.953 1270.5 28.5 1.399 663.0 
mee Re 0.875 1167.3 | 24.5 1.351 583.3 
ee ae od >” 0708 1011.0 ai 1.313 512.0 


Molecular weight: 156.96. Radius of the Capillary tube: 0.04638 cm.; in 

the observations, indicated by * R was: 

| 0.04408; in those by ** it was: 0.04352 cm. 
Depth: 0.1 mm. 


| The compound boils constantly at 154° C. 


X. 
meta-Dichlorobenzene: C,H, Cl, (1-3-). 
5 Maximum Pressure H TEE ee Molecular | 
= tension 7 BEE, Benes 
a. in mm. | in Erg | itv d ; ae 
E-= | mercury of | in Dynes pro cm2. | St eae 
OPC. | pro cm?, 
22° 1.433 1910.3 | 41.6 | 1.332 | 956.8 
0 1.328 1770.6 | 38.5 | 1.309 895.9 
25 1.230 1640.0 35.6 1.282 840.0 
44,9 1.156 | 1540.9 33.4 1.260 797.9 
71 1.061 | 1414.7 30.6 1.230 712.2 
90.7 0.993 1324 6 28.6 aes 1215 700.2 | 
116.4 0.912 1216.5 26.2 1.185 651.5 | 
136 0.858 1144.4 24.6 1.164 | 619.0 | 
*160 0.737 982.7 | 22.8 1.138 | 582,4 | 
| | | 


Molecular weight: 146.93. Radius of the Capillary tube: 0.04439 cm; 
in the observation, indicated with *, the 
radius was: 0.04803 cm. 

Depth: 0.1 mm. 


The boilingpoint is at 172.°5 C. constant; the liquid can be under- 
cooled to a high degree, but once solidified, it melts at —19° C. At 
the boilingpoint z is: 22.2Erg pro cm?. The specific gravity at 25°C. 
| is: 1.2824; at 50° C.: 1.2543; at 75° C.: 1.2253: at © C.: 1.3096 —0.00107¢ 
| —0.00000072 £. 
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Molecular Surface- 
energy in Erg per c.m?. 


7020 
990 
a 
960, _\ 
930} AN 
960 Ee 
AN x a 
S70 ~~ x 
a NR 
840 SO 
a EN NPA 
N Re 
a A a Ek \G 
« EAN \ ess 
Aen | 
720 Bn EA 
EN Ce “ Ve 
690 = Ie = ‘es eK a 
SSH x=, SN way { 
660 aM ge 
on « EN AN ~ x 
600 Là A Lee a 
% Sew ERS 
570 cn nite eee 
540 SE Re ane 
Diss ‘\ SS = 
510 Sa: ds ~ 
460 = ‘ Ae 
460 See a= Temperature. 
40" 20° O° 20° 48° 62° 69° 100° 120° 40° 60" 150° 
Fig. 2. 
XI. 
para-Fluorobromobenzene: C,H,. F. Br (1-4-). 
5 Maximum Pressure H Surface- pe Molecular 
Males tension 7 ans Surface- 
Gg Vin tim, mer vn in Erg. pro | gravity d,,| energy «in 
ET cury of In Dynes cm2, Ere. pro cm2, 
a ONE 
fo) | 5 
—21 1.281 1707.8 39.8 1.654 890.2 
0 1.198 1597.2 Sie 1.626 841.5 
255 1.106 1474.1 34.3 1.590 787.6 
45.3 1.031 1374.1 31.9 1.561 741.6 
10 0.953 1270.1 29.4 15922 695.1 
84.7 0.906 1207.6 27.9 1.504 663.8 
rd 0.810 1079.9 24.8 1.460 602.8 
138 0.734 978.6 22.4 1.436 550.5 


Depth 0.1 mm. 


it is: dyo = 1.6257 —0.00135 


Molecular weight: 174.95. Radius of the Capillary tube: 0.04803 cm. 
The boilingpoint is constant at 150° C.; the value of x there is: 
21.2 Erg. pro cm? The specific gravity at 25° C. is: Ayo = 1.5908; 


at. 50..C,: 1.5538; at 75° Gs 15147, At 
t—0.00000168 #2. 


NS 
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Molecular weight: 110.06. 


The boilingpoint of the substance is 114°.5 C.; ~ is there: 
The density” at 25° G, 


0.9680; at 75°C.: 0.9420. At # it is calculated from: A4o= 1.0206— 


Erg. pro cm? 


XII. 
meta-Fluorotoluene: CH,.C,H,.F . 
(1) (3) 
5 : | Maximum Pressure H | Surface- , Molecular | 
Bo | tension x Specific Surface- | 
ae jin mm. mer- | in Erg. pro gravity d,,| energy « in 
Ee | cury of in Dynes em? Erg. pro cm2, 
ae Oe: 
ee 1397 1782.5 421 1,097 909.0 
—20.5 1.090 1453.3 34.2 1.041 764.7 
0 1.006 1340.9 31.5 1.021 113:5 
25.4 0.906 1207.9 28.3 0.994 652.6 
45.3 0.839 1118.5 26.2 0.973 612.8 
10.2 0.760 1021.2 23.8 0.947 566.8 
84.9 0.721 961.9 22.4 0.932 539.2 


Depth: 0.1 mm. 


—0.00106 ¢ + 0.00000016 #. 


is: 


Radius of the Capillary tube: 0.04803 cm. 


d> = 0.9942; 


20.2 
at SOP 1G 


XIII. 
para-Chlorotoluene: CH;.C,H,Cl . 
(4) 
5 | Maximum Pressure H Surfaces Names Matecniar 
2s . tension 7 Be Surface- 
B) . . . | 
a. | in mm. mer- in Erg. pro | oravity. d,.| energy in 
=o cury of in Dynes em2 8 ne zi Ers: pro cm? 
= 
fe 026: 
25 1137 1515.8 32.9 1.065 795.0 
44.7 1.059 1410.2 30.6 1.045 748.8 
71 0.959 1279.6 Aiel 1.018 689.8 
90.2 0.895 1193.2 25.8 0.999 650.6 
116.1 0.813 1083.9 23.4 0.973 600.6 
135,1 0.760 1013.8 21.8 0.953 567-3 
*160 0.653 870.3 20:2 0.928 aut 


Molecular weight: 126.51. 


The substance boils constantly at 162.°5 C.; 
and melts at +-7.°5 C. At the boilingpoint 7 is 20.1 Erg. pro cm?. 


0.04803 c.m. 
Depth: 0.1 mm. 


Radius of the Capillary tube: 0.04439 cm; 
in the observation, indicated by *, it was: 


it solidifies at —22°C., 
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Molecular Surface-energy 
in Erg pro cm?. 
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Fig. 3. 


§ 3. 
face-energie u of the liquids here 


Cyclohexane. 
Ou. 
Temperature-interval: a in Ere: 
t 
between 9° and 80° bo prey 


This value is remarkably great; the 
curve is almost a straight line however. 


Toluene. 
between —71° and —21° 3,40 
—21 , 66,6 2,27 
or 86,5 1,90 
86,5 , 109 1,76 


studied. 


Benzene. 
Temperature-interval: 


between 5°,4 and 25°,1 
25 Wee 
55 » 14,6 


para- Xylene. 


between 25°,5 and 45° 


45 86 
86 ,, 106 
106». 126 


50° Temperature 


Values of the Temperature-coefficients of the molecular Sur- 


Ou 


Si IES: 
Ot - 


2,73 
2,20 
1,85 


2,53 
2,43 
2,21 
1,74 


Mesitylene. | Pseudocumene. 
Temperature-interval : de in Erg: | Temperature-interval: a in Erg: 
between —20°,8 and 0° 2,40 between —21° and 0°? 1,60 

0 tea fe 2,20 Or ae 2,00 
75 » 110 2,06 96. V8 SAG 2,18 
110 ‘sou 1,97 146160 3,0 
Triphenylmethane. Chlorobengene. 
between 138°,4 and 156° 1.59 between —16° and +25° 2,20 
156 rte i 3.03 an) 50 2,42 
171 » 194 4.46 SO hare ee 2,60 
194 „eee 4.83 
Bromobengene. meta-Dichlorobengene. 
between —17,°5 and +125,°5 238 between —22° and 0° 2,19 
1255 .; 153 2,53 Get) ee 2:2050 se 
25) fy OR a 
Dias the 1,88 
LET ia 136 1,64 
136 _„ 160 1,51 
para-Fluorobromobenzene. meta-Fluorotoluene. 
between —21° and 0° 2,41 between —71° and —20°,5 2,85 
Or 45 2,09 —20,5 , 0 2,49 
45.) AM 1.97 Mass: 25,4 2,38 
hy, 150 2,49 25,4 - 45,3 1,99 
453° | 84,9 1,85 
para-Chlorotoluene. 
between 25° and 45° 2,33 | 
455 Tl 2,23 
Gh ty ALG 1,97 
116 _„ 160 1,49 | 


Especially the last mentioned four cases prove once more very 


Bab : Ou 
strikingly the fact, that = cannot be considered as a constant, but 


that it is itself a function of temperature: in most cases in such a 
way, that it will decrease with increasing temperature. With chloro- 
and bromobenzene however evidently just the reverse happens. In the 
same way benzene, toluene, p-rylene and mesitylene belong to the first 
group of substances, while the isomerie pseudocumene manifests on 


OD ADSR is ; 
the contrary an increase of — with rising temperature. The devia- 


Ot 


tions of the linear decline are so great and in most cases so system- 
atical, that they can by no means be accounted for by experimental 


errors; the variability of = with the temperature must therefore 
. Ses t 


be considered as an essential fact. 
Groningen, June 1914. Laboratory of Inorganic Chenustry 
of the University. 


\ 
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Chemistry. — “The Temperature-coëfficients of the free Surface- 
energy of Liquids, at Temperatures from — 80° to 1650°C: 
VI. General Remarks’. By Prof. Dr. F. M. JarGeRr. (Commu- 
nicated by Prof P. ROMBURGH). 


$ 1. If we wish to use the results up to now obtained in the 
study of these more than seventy organie and about ten inorganic 
liquids, to draw some more general conclusions, the following remarks 
in this respect may find a place here. 

In the first place it is proved onee more, that the free surface- 
energy of liquids, also in the peculiar case of the electrolytically 
conducting, molten salts studied at very high temperatures, — always 
decreases with increasing temperature. This fact, an exception to 
which also within the temperature-interval hitherto investigated 
has never been stated, must be esteemed in every respect quite in 
concordance with the views about the origin of such surface- 
tensions. It is immediately connected with the other fact, that 
a decrease of the molecular surface-layer must be accompanied 
by a heat-evolution, an increase of that layer however with a heat- 
absorption, if the temperature is to remain constant. Furthermore 
this gradual diminution of 4 with increasing temperature is in full 
agreement with the continual levelling of the differences in properties 
between the liquid phase and its coexistent vapour, when the 
temperature is gradually rising: at the critical temperature the value 
of y must have become zero’). 

Of more importance for our purposes however are the following 
results : 

1. A linear dependence of y and t appears in general not to exist. 
The observations prove the possibility 
of all the three imaginable principal spe- 
cies of y-t-curves: the type 1, with a 
concave shape towards the temperature- 
axis; the type 3 with a shape convex to 
that axis; and the rectilinear type 2. 
Besides there are found some rare cases 
of combinations of these three principal 
types. Characteristic for type N°. 1 is, 


d; hc 
that “* will inerease with rising tempe- 
dt 


rature, while it decreases under those 
circumstances on the curves of type 3; 


t 


1) The critical temperatures of the studied liquids, are as far as known, in the 
diagrams indicated between ( ), behind the names of the different substances. 
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only in the case N°. 2 this quotient remains really constant. It is 
now of importance to draw attention to the fact, that in contradiction 
with the hitherto prevailing views, the presence of type 2 on one 
side, and of types 1 and 3 on the other side, appears to be in no 


‘ . ; du é 
clear connection with the absolute value of the quotient a nor with 
; dt 


the absolute values of y% or u themselves. 

IL. In agreement with the results of previous investigators, it 
appears to be possible, although only in some arbitrary way, to 
divide the studied liquids into fvo principal groups, with respect to 


u 


the value of 


In the first group A belong all liquids, whose 


: du 
quotients de really are very near to Eörvös’ “constant”: 2,27 Erg 
pro every degree Celsius. However it must be said here, that only 
Sak 
a mean value of 7: evidently can be considered in these cases, and 


only over a sparely extended temperature-interval; for, just as we 
already mentioned sub I, these liquids will by no means always 
show a linear dependence of x and ¢, corresponding to the type 
2, and therefore such a linear dependence may be supposed in most 
eases only for rather short parts of the curves in question. 

To this group A we can bring e.g.: a number of ethers, like 
Ethyl-Isobutyrate (2,15); Isobutyl-[sobutyrate (2,18); Diethyl-Ovalate 
(2,26); Diethylmalonate (2,52); Diethyltartrate (2,35); Ethyl-Acety/o- 
acetate (2,19); further: Chloroform (2,06); Dimethylaniline (2,23); 
Phenetol (2,14); Anethol (2,25); Methylbenzoate (2,21); Ethylbenzoate 
(2,29); Methylsalicylate (2,30); Ethylsalicylate (2,23) ; Methylcinna- 
mylate (2,43); a-Picoline (2,02); ete. 

With most of these and analogous substances however, we can 


5 du 
state a considerable increase of a at lower temperatures (type 3), and 
t x 


for many of them a value in the vicinity of 2,27 may be accepted 
only within a very narrow range of temperatures, e. g. between 


25° and SO: 


i] 
To the group B all liquids belong, whose quotients = show 


values appreciably lower than 2,27 Erg pro 1°C. To this group the 
following substances can be brought: Water (1,04); Ethylalcohol 
(0,94); Propylaleohol (1,10); Zsobutylaleohol (1,10); Acetone (1,6); 
Acetic Acid (1,8); Pyridine (1,6); ete. However with several of these 
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dy 
liquids the value of — increases much at the lower temperatures, 
dt 


while to the other side many liquids of group A, which e. g. between 
. ‚ Ou : 
25° and 80°C. show rather normal values of De” will have abnor- 


mally low values for it at the higher temperatures. As far as the 
not numerous determinations of the specifie gravities make a con- 
clusion possible in this respect, to this group B can be brought also 
the molten salts of the alkali-metals: Sodtumchloride (0,6), Potrsstum- 
chloride (0,64); ete. Furthermore the hitherto observed dependence 
of x and ¢ for: Sodiumsulfate, Sodiummolybdate, Sodiumtungstate, 
Sodiumphosphate; Potassiumbronude, Potassiumiodide, Potassium- 
phosphate, -molybdate, -tungstate; Lithiumsulpnate, Lithiummetaborate, 
Lithiummethusiicate ; ete. ete, — seems to prove, that also with 


Or a 
these salis the values of - will appear to be remarkably small. 
t 


§ 2. The prevailable opinion is, that the liquids of the group B 
must differ from those of group A in this respect that they would 
be associated, while the liquids of group A would be normal ones. 
Regarding those liquids, which show an almost linear dependence 
of x and ¢ (type 2), the “‘association-coefficient” wv is then calculated 
2.9 k 


ayo 


; while in the cases, where such 


from the expression : «= | 
Ou 
(a) 

a linear dependence can not be supposed, several other formulae are 
proposed *). After what has been said, however, it can hardly be quite 
sure, that such a calculation of the degree of association can be 
thought of as a step in the good direction. For among the substances 
of group A the greater number are of a kind, whose «-t-curves 
belong to types 1 or 3; type 3 can be thought moreover again to 
be in so far in agreement with the postulations of the theory, that 
here at least exists the possibility that the curve will approach 
to the f-axis asymptotically in the vicinity of the critical temperature. 

If now however the supposition were right, that a decrease of 


1) After VAN DER WaaLs (Z. f. phys. 18. 716. (1894)) e. g., a relation of the 


Ox Re 

form: — = | — — | , — in which B at the critical temperature should 
Ot Dir 

have the value: 8/o, but in praxi appears to be: about 1,28, — would reproduce 


in many cases the dependence of y and { to a rather sufficient degree. 
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a ewe / er: 
the values for dr indicated an augmenting degree of association, it 


would be very diffienlt to imagine, why the larger number of 
liquids just show g-teurves of the type 3: for from the gradual 


Ou 
decrease of 7] with increasing temperature in these cases, we must 
t 


conclude, that the association of the liquid would increase for most 
liquids with a rise of temperature. But because by far the most 
dissociations are accompanied by a heat-absorption, the mentioned 
conclusion could surely be hardly put in concordance with the laws 
of the mobile equilibrium. With liquids, which will dissociate to a 
higher degree at higher temperatures, one had to expect on the 
contrary the progress of type 1: water e.g. is such a liquid, showing 
a gradual dissociation of complex molecules into simpler ones at 
increasing temperatures, and the w-tcurve here really possesses *) 
the expected type 1. In the same way we observed some organic 
liquids (Methyl-Oxalate; Ethyl-Propylacetyloacetate; Propyl-, and 
Tsobutyl-Cyanoacetates ; — 0-Toluidine; — Resorcine-Monomethylether ; 
Hydrochinondimethylether ; a-Campholenic Acid; ete), for which 
a gradual dissociation or decomposition at higher temperatures 
could be stated, and for those we found also a faster increase of 


Ou 
x. than before, as soon as the temperature of beginning decomposition 


was surpassed. In opposition therewith is the case of acetic acid, where 
a gradually proceeding depolymerisation with increasing temperature 
has been quite doubtlessly proved, and where notwithstanding 


Ou 
this fact, the value of 5, remains constant within very wide limits 


of temperature. *) 
These facts seem after my opinion to make it very dubious, if 


: Ou. 
the increase or decrease of ee with varying temperature can be esteemed 


1) From Eörvös’ observations one can deduce already immediately that = 
6 


will increase with rising temperature in the case of water: he observes between 
3° C. and 40°C. a coefficient: 1,59; between 40°C. and 100° C.: 1,80; between 
100° ©. and 150° C.: 2,28; and between 150° and 210° C.: 227. 


2) Also this fact can be already de iuced from Eörvös’ observations: between 
Ou 

21° and 107° C. he finds for “et 1,52; between 107° and 160° C. also: 1,32; 
t 


between 160° and 230° C.: 1,38. 
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any longer to be connected directly with the degree of association 
of liquids? 
ore On 
§ 3. The variations of De must in the first instance be dependent 
t 


on the way, in which the specifie heat ce of a liquid, is connected 
with the magnitude S of the bordering layer of it. In general we 


de er an 
shall have a relation: an Tan from which follows, that can 


only be a linear function of 7 in the case, when c is independent 
of S. From our measurements however we must doubtlessly con- 
2. 

oT? 
that therefore c must really be dependent upon S. This fact proves 
at the same time, that the specific heat of the surface-layer must 
have another value than for the remaining part of the liquid. The 
surface-energy therefore cannot be completely of a potential nature, 
but partially it must be considered as being of kinetic origin. In 
what manner however it will vary with the state of proceeding 
polymerisation or depolymerisation of the liquid, we cannot tell in 
advance; and the same is the case mutatis mutandis with the depend- 
ence of u upon t. 


clude, that generally can not be supposed equal to zero, and 


At the same time it is not superfluous in this connection to fix 
the attention upon the fact, that it cannot be permitted to make 
any definitive statement’) concerning a high degree of association 


Ou 
in the case of molten salts, because the observed values of 5 are 


very small, and the g-t-curves seem to approach in these cases much 
better to the rectilinear type 2. For the whole theoretical exposition 
of Eörvös cannot be applied to cases like the present one, where 
nobody can know à priori, if tbe law of corresponding states will 
be valid. It is just the question, if the measurements still to be. 
made will permit us to draw general conclusions upon an analogous 
connection between the temperature-coefficients of the molecular 
surface-energy and the degree of association of such electrolytes? 
Such conclusions could only be esteemed sufficiently justified, if 
certain analogies in the behaviour of molten salts and of the organic 
liquids should be found; at this moment we are still far distant from _ 
the time, when we shall be able to give any definitive judgment 
upon this matter. 


1) Vide e.g. the relating views of Warpen, Bull. of the Academy of Petrograde 
loco cit. 
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§ 4. The rather appreciable differences of our results with respect 
to the variations of u and 7 with the temperature, with those of 
other investigators, who have principally worked after the method 
of capillary ascensions, have suggested to us to investigate in detail, if 
perhaps in our way ot working certain factors could be present, 
which may cause systematical errors in any direction ? 

First it was noted, that besides the particular shape of the mentioned 
curves, also the absolute values of 7, determined by us and already 
by Feosrer, were generally somewhat higher, than those obtained 
with the same liquids by other experimenters and by other methods. 
Of course it is very well possible, that e.g. the lower values published 
by Ramsay and SrreLps, and obtained by them by means of the 
method of capillary ascension, are caused by the fact, that the 
moistening of the glass-walls in their capillary tubes has been not 
so complete, as is supposed in the theory of the phenomenon. In that 
case the angle of contact g will play again a role; and because the 
height of ascension ceteris paribus is proportional to the cosinus of 
the supplementary angle of y, there could thus really be found a 
cause, which would make their results appear smaller, than those 
obtained in our work. 

But moreover we were able to prove on the other side, that our 
values for z, calculated after Canror’s theory, must surely appear 
somewhat higher, than they really are, because in praxi the 
conditions are not completely fulfilled, on which is based the 
deduction of the jinal formula between AH, d; and r in Cantor’s 
theory. 

Let us start with the somewhat more summary deduction of his 
formula by Feruste.’).. From this deduction as it is found in the 
paper of this author, it can be seen, that the formula of CANTOR 
can have only validity in the special case that the angle 6, which 
the tangent in every point of the sharp edge of the capillary tube 
drawn in any azimuth to the rotation-surface of the small gasbubble, 
makes with the horizontal surface of the liquid, — differs only slightly 
from 90°; in that case 9 —= 90° — e; wherein e has a very small 
value. Some years ago prof. Lorentz was so kind as to draw my 
attention to the fact, that this limiting supposition can be avoided, if 
one makes a few simple substitutions in the two formulae of Feusrer : 

2) 1 
Tin 
and 


1) R. Fevster, Ann. d. Phys. loc. cit. 


Proceedings Royal Acad, Amsterdam, Vol. XVII, 
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H r.d,.sin ij r. a an 9 
== = 0 ; 
cos A (1 — cos B)" 3 sin @ = |. = eee 


DE 


— 


‚ where 7 is the radius of the 


by putting: g=— and p= 


rdt rdt 
capillary tube, and x and M are the known symbols. 
The mentioned formulae can by this substitution be changed into: 
i! 
sin O sin? (9/4)\° 


1 
de 4 vos @ sin‘ (?/) 


i 
en ek din cot A + 


Table of Corresponding Values of 


0, q and p 

0 q Pp 
0e oe) oe) 
10 4399.4 193,94 
20 292,60 100,080 
30 61,717 30,86 
40 23,850 15:93 
45 16,458 15,21 
50 12,192 12,06 
55 9 588 9,995 
60 8,000 8,660 
65 1,098 7,862 
70 6,753 7,546 
10 31/43” 6,150 1,542 
15 1,033 7,814 
80 8,433 9,183 
85 13,770 14,479 
86 16,567 17,269 
87 22 21,960 
88 30,764 31,448 
89 59,35 60.027 
89°4 63,44 64,12 
90 oo ere) 


Now it is possible to calculate for a complete series of values of 
6, the numbers p and q, and to plot them against each other with 
respect to rectangular coordinate-axes. If H is measured, and r and 
d, are known, p can be calculated for every experiment, and from 
the diagram the corresponding value of g (and therefore also of x) can 
be immediately found. The following table gives a survey of the 
corresponding values of p and g, for a series of angles 6 between 
0? and 90° C. 

From this table it is seen, that p and q reach simultaneously a 
minimum for @—=70°31'43", and that Canror’s formula is properly 
only valid without apereciable error for values of ¢ between 0° and 
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0°55’. The corresponding curve generally deviates only a little from 
a straight line; however we found that this deviation is yet sufficient, 
to make a correction necessary for all numbers, calculated from 
CANTOR’s formula. 


§ 5. From a special case we can now see easily, that the cal- 
culation of the results in this way and from Canror’s formula, will 
never cause an appreciable change in the general shape of the p-t- 


; On 
curves, and therefore neither in the deduced values o =k the deviat- 
t 


ion of a linear relation between p and g is between 6— 70 31'43" 
and 90° only so slight, that a somewhat important deformation of 
the mentioned curves cannot be the result of this difference in com- 
putation. However there will be caused a parallellous shift of every 
curve, which will diminsh the absolute values of y and u with a 
small amount. That this influence is not at all without importance 
in the cases hitherto investigated, may be proved in the following 
way. We choose for this purpose two extreme cases of the here 
studied liquids: diethylether, because the observed values of H are 
here the smallest, and e.g. a substance as resorcine-monomethylether, 

whose values for H belong to the rather great ones. The calculation 
is made as follows: H in m.m. of mercury (O C.) is multiplied by 
the specific weight of mercury, and this number divided by the 
product 7.d;, (r being expressed in mm.). With the obtained value 
for p, the corresponding value of q is found from the table or the 
diagram; this divided by 2 and multiplied by the product 7’. d,, 
gives x in mG. pro m.m; the number is reduced to Erg pro em’. 
by multiplication with 9,806. 


Diethylether. 


(inErg. yinErg. winErg. «win Erg. 


t° p q em? em.2(CANTOR) em? em. (CANTOR) 
—75° 37,58 36,92 28,5 28,9 574,7 582,8 
—20°,5 30,60 29,89 21,5 21,9 456,2 464,7 
OR 28,40 27 5S POD 19,6 415,8 424,5 
dees 26,99: 26,27) 17,9 18,4 392,0 402,9 
25° 25,61 25,00 16,7 171 371,2 380,0 
29°,6 25,35 24,70 16,4 16,8 365,9 374,8 


The whole y-¢curve is thus parallellously shifted to an amount 
of —0,4 Erg. 
28* 
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Resorcine-Monomethylether. 


yinErg. .yinErg. winErg. , win Erg. 


te p q cn? em (CANTOR) ps Cs em. (CANTOR) 
90° 164,35 b270 WE 83,9 1850,1 1867,9 
0°- 39,89 139,30 5156 52,4 1161,9 11709 
46° 34,91 34,30 43,4 44,2 1001,6 1020,1 
107931, SASL 20i cra Ten 38,3 896,7 915,8 
166° 28,48 27,80 31,5 32,9 782,0 801,8 
206° 25,29 24,60 26,8 27,6 682,6 703,0 


Here is the y-t-curve shifted totally to an amount of —0,8 Erg. 


This is the correction to be applied, and which was already 
indicated in our first communication *); it has been taken into account | 
since in every case in all the tables. It may here be repeated once more, 
that although the absolute values of the surface-energy really have | 
approached closer by it to the values formerly published, however 
the shape of the y-¢-, or g-t-curves is not altered by it with respect 
to any particular feature. 


§ 6. Another question to be answered with respect to the obtained 
experimental results, is this, if it may be considered as possible to 
determine the right values of 4, without being embarrassed there- 
with by the influence of the viscosity of the studied liquid? For 
just because the internal friction of liquids always increases rapidly 
at lower temperatures, and an extreme viscosity of the liquid, — even 
if the bubbling of the gas is executed with extreme slowness, — 
will cause, as we have seen, the maximum pressure MZ to appear 
too great from all kinds of disturbing effects, — the influence 
of this viscosity could perhaps be advanced as a cause of such a 
deformation of the y-tcurves, that they just would manifest a steeper 
temperature-gradient at the lower temperatures than at the higher. 
Therewith an explanation of the curves of type 3 would be given; 
but it must be here remarked already in advance, that such a cause 
could hardly be adopted for the presence of the curves of type 1, 
just because, all viscosity-curves have themselves the shape of type 3. 
However there seem to be many reasons, not to attribute too high a 
value to this explanation of the curvature of the u-f-lines, even not 
in the case of type 3. 

In the first place it must be remarked, that the curvature of the 


1) F. M, dancer. these Proc., Comm. I, (1914). 
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said curves does not run parallel to the variations of the viscosity 
with temperature. Most strikingly this can be seen in those substances 
where the curvature is so slight, that the curves can be considered 
to be straight lines: with ethylbenzoate, whose viscosity at 10° is 
about six times that of acetone, and in a temperature-interval of 
50° decreases to two or three times that value, the y-¢-curve is a straight 
line; with the tsobutylbromide, whose y-t-curve between 0° and 85e 
can be considered as a straight line, the viscosity decreases to less 
than half its original value (from 0,008 C.G.S. to 0,003 C.G.S.) ; 
etc. Neither does the curvature of the x-¢-lines seem to be immediately 
connected with the absolute value of the viscosity : with acetic acid, 
whose viscosity is about three times, with salicylic aldehyde, whose 
viscosity is four times, with pyridine, whose viscosity is about twice, 
with pheneto/, where it is circa three times as large as that of 
ethylaleohol, — in all these cases the curvature of the x-¢-curves is 
less than for the last mentioned liquid, because they are almost 
straight lines; and with the aniline and nitrobenzene, whose viscosity 
is about eight or ten times as great, as that e.g. of the edhylformiate, 
the y-t-curves are even slightly convex. In many cases the y-/-curves 
will show a more rapid and steeper curvature at the higher tempe- 
ratures, where the viscosity becomes smaller; and the part of the y-¢- 
curve between — 79° and 0° is often almost a straight line. With 
the ethylalcohol the viscosity is about three times as great as in the 
case of ethylacetate or ethylformiate, but notwithstanding that, the 
y-t-curves show in all three cases about the same curvature. 

To be sure, we have met during our measurements numerous 
cases, where very clearly the impossibility was shown, to determine 
the surface-energy dependently of the viscosity. But this we 
observed only, where the viscosity reached such enormous magnitude, 
that the liquid became glassy or gelatineous, and did not or hardly 
move on reversing the vessel. Such cases we found in: methyl- 
cyanoacetate, methyl-methylacetyloacetate, diethylbromomalonate, die- 
thylbenzylethylmalonate ; in undercooled dimethyl-, and diethyltartrate 
and a-campholenic acid, and very strikingly with salol/ and resorcine- 
monomethyl-, or dimethylethers. 

Even in these unfavourable cases we succeeded sometimes in 
making some good measurements; but in most cases this appears to 
be impossible, which is shown by the fact, that even with so small 
a velocity of formation of the gas-bubbles as 50 to more than 209 
seconds, it proved to be impossible to find a maximum pressure 
fi, which really is dependent of the speed of the nitrogen- 
flow. 
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The behaviour of such extremely viscous liquids with respect to 
the gas-bubbles produced in them, is very variable and often very 
peculiar: in this ease the bubbles are hardly loosened from the 
capillary tube, in that case one observes a periodic increase and 
decrease of the gas-pressure, without a bursting of the bubbles 
occurring ; in another case a very large bubble is produced, which 
suddenly explodes into a great number of very small bubbles ;. but 
in no case a maximum pressure can be measured, which is really 
independent of the speed of the gas-flow, proving that it corresponds 
to a real state of equilibrium of the gas-bubble. And this last men- 
tioned fact is so characteristic for all our other measurements: 
within rather wide limits one can vary the speed of nitrogen-flow, when 
working with ordinary liquids, without a measurable change in the 
determined pressure H being observed. On the contrary we studied 
a long series of very thin liquids: e.g. ethylalcohol, diethylether, ethyl- 
formiate, ethylchloroformiate, acetone, methylpropylcetone, chloroform, 
ete, cooled to —-80°C., which notwithstanding the low temperatures 
gave very reliable values of 17; the occasional fact that the temperature 
is so low, can therefore neither be considered of high importance 
for the abnormally high values of % and u observed. However it 
must be said in this connection, that Körvös’ relation can no longer 
be considered as valid at temperatures, lower than about half the 
absolute critical temperature of the studied liquids. — 

In this connection it is not superfluous to remark, that with liquids 
whose volatility is very great, and which therefore possess at higher 
temperatures a very considerable vapour-tension, there is often some 
difficulty in obtaining reliable values for MH, this maximum-pressure 
being apparently somewhat increased. However the right value can 
be deduced in such cases by often repeating the adjustment of the 
capillary tube, until a really reproducible value will be found. The 
influence of these abnormally high vapour-tensions cannot be of 
essential significance, if the measurements are controlled accurately 
and often carefully repeated. 

All arguments taken together, we think it really very improbable, 
that the changes in viscosity of the studied liquids could be argued 
as the chief cause of the observed curvature of the y-f- or u-t-curves. 
But in cases of abnormally great values of the viscosity, the deter- 
mination seems doubtlessly no longer possible after this method in 
any exact way; however with liquids, whose viscosity comes e.g. 
very near to that of glycerine, or is even somewhat greater, such 
measurements are already quite reliable if only the formation 
of the gasbubbles takes place extremely slowly: in this way for 
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instance we found again reliable values with: diethylmalonate (—20°) 
and butyl-, or tsobutyl-cyanoacetates (— 22°). 

Therefore we think it right to draw the conclusion, that the non- 
linear dependence of y on the temperature, must be connected with 
the very nature of the surface-energy itself, and that it will manifest 
itself always, as soon the studied temperature-interval is only wide 
enough. 

We can also mention here the fact, that in the case of 
molten salts, even at very high temperatures and with very small 
viscosities of these liquids, we observed just the same three types of 
y-t-curves: so with potassiumiodide the type 8, with potassium- 
metaphosphate the type 1, with many others the rectilinear type 2, 
— without it being possible to indicate an immediate reason for it. 
Finally we can draw the attention to the fact, that notwithstanding 
the fact that these determinations range over a much smaller tem- 
perature-interval, some x-tcurves of other experimenters (vide e.g. 
Gure and his collaborators) show, on better consideration, also clearly 
a deviation from the rectilinear type; for water this has moreover 
already been mentioned before. 


§ 7. Finally it is here the place to discuss some points connected 
with the relations between the magnitude of u and the chemical 
constituents of the studied liquids, in so far as we may draw con- 
clusions about it already with respect to the sparing experimental 
data. Moreover the investigations relating to this subject will be 
continued in this laboratory in a quite systematical way, because a 
great number of problems have risen in this respect, which only by 
collecting a more extended experimental material can be answered 
by generally acceptable views. The facts hitherto gathered are 
principally adapted, to bring the values of u in qualitative connect- 
ion with the homology of some analogous compounds, and with the 
substitution-relations between some organic derivatives. This can be 
executed best by comparison of the u-¢-diagrams, which were published 
in the successive communications. 


A. Homology. 


Of homologous series we can mention the following: 


Ethylalcohol. Ethylformiate. Ethylacetate. 
1.) n.-Propylalcohol. *) Ethylacetate *) Amylacet ate. 
Isobutylalcoho’. 
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Methylisobutyrate. Acetone. Ethylacetyloacetate. 
4.) Ethylisobutyrate. "| Methylpropyleetone. ") Elnylpropyloacetate. 
Isobutylisobutyrate. 
Isobutyleyanoacetate. Diethyloxalate. Dimethyltartrate. 
Amylcyanoacetate. ; | Diethylmalonate. ; | Diethyliartrate. 
Dutylcyanoacetate. 
“{ Propylcyanoacetate. 
| Ethylcyanoacetate. 
| Methylcyanoacetate. 
Trichloromethane. Benzene. Nitrobenzene. Aniline. 
ee | Tetrachloromethane. | Toluene. | o-Nitrotoluene. *” | o-Toluidine. 
11.) p-Xylene. 
Mesitylene. 
| Pseudocumene. 
Anisol. Resorcinemonomethylether. Methylbenzoate. 
: | Pheneio ; shan 16. { Ethylbenzoate. 
Benzylbenzoate. 
Methylsalicylate. Pyridine. 


17.) Ethylsalicylate. a-Picoline 


18, | 
Phenylsalicylate. 


By such a comparison of the results obtained we can now derive 
the evidently general fact, that the values of the molecular surface 
energy at the same temperature increase in homologous series, if we come 
to terms of higher hydrocarbon-radicals. Although quantitative relations 
do not so strikingly come to the foreground, it seems however to 
be clear, that the influence of the same increase in this respect, 
becomes smaller within the series, if the molecular weight of the 
compound increases; a fact, that must be thought also completely 
comprehensible. In most cases these rules hold, as the following 
instances may prove: The value of u is at the same temperature 
greater for isobutyl-alcohol, than for normal propylalcohol, and here 
again greater than with ethylalcohol; just so with ethylacetate greater 
than with ethylformiate, with amylacetate greater than with the 
corresponding ethylether; it is greater for dsobuthyl-isobutyrate than 
for the ethylether, and here again greater than for methylisobutyrate ; 
with ethyl-propylacetyloacetate greater than for ethyl-acetyloacetate. 
In the series of the six cyanoacetates, the value of wis greatest with 
the amyl-ether, and decreases here regularly within the series till 
the methyl-ether is reached, while the temperature-coefficients remain 
almost the same; the zsobutyl-ether however has another value for 


Ou 


Ev and values for u, which are only partially greater than for the 
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propyl-ether: in this also a mani-‘estation must be seen of the differ- 
ences between normal and ramified carbon-chains. In the same way 
the molecular surface-energy of diethyltartrate appears to be greater 
than of dimethyltartrate. In the series of aromatic hydrocarbons, the 
curves for pseudocumene and the isomeric mesitylene are situated 
highest; then follow successively: p-vylene, toluene, and benzene; in 
the same u is greater for o-todwidine than for aniline, for o-nitrotoluene 
greater than for nitrobenzene; just so for phenetol greater than for 
anisol, for dimethylaniline greater than for aniline, and for a-picoline 
greater than for pyridine. The only exception to this rule hitherto 
found, is presented by the resorcine-monomethylether, which possesses a 
greater molecular surface-energy than the corresponding dimethy/-ether. 

The substitution. by means of members of the aromatic series has an 
analogousinfluence as by those of the aliphatic series, but it is much more 
intensive: in the series of the benzoates, the value of u for the ethy-ether is 
indeed, greater than for the methy/-derivative, but for the corresponding 
benzyl-ether it is excessively much greater; in the same way it is 
the case with methyl-, and ethylsalicylates and salol, and with methyl- 
propylcetone on one side, and acetophenone on the other. 

B. Relations of Substitution-derivatives. 

The conclusions, which in this respect can be drawn hitherto, 
can be summed up shortly in the following rules: 

1. The substitution of H by halogens is accompanied by an inten- 
sive increase of the molecular surface-energy at the same temperatures ; 
the influence increases evidently with augmenting atomic weight of the 
halogen. 

So u for chlorotoluene is greater than for jluorotoluene *), and here 
much greater than for toluene itself; for broimobenzene it is greater 
than for chlorobenzene, and appreciably greater than for benzene ; 
with the m-dichlorobenzene it is greater than for jluorobromobenzene, 
showing that the specific influence of fluorine seems to be less than 
the difference between bromine and chlorine. In the same way the 
value for diethylbromomaltonate is appreciably greater than for dietyl- 
malonate; for tetrachloromethane just so greater than for chloroform. 

2. The substitution of N-atoms for C-atoms, or of that of negative 
nitrogen containing radicals for a H-atom, is followed by a relatively 
great increase of the molecular surface-enerqy at the same temperatures. 

1) The relatively small differences caused by the structural isomerism of these 
compounds, is here neglected for the present; generally the para-substitution seems 
to be of the highest, the meta-substitution of the smallest influence in this respect. 
We will discuss this pecularity afterwards by considering the results of a special 
set of measurements. 
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So u is appreciably greater for o-nitroanisol, than for anisol; for 
o-nitrotoluene much greater than for tolwene; for nitrobenzene much 
greater than for benzene; for aniline and o-toluidine, much greater 
than for benzene or toluene. Just so for pyridine appreciably greater 
than for benzene; ete. 

3. The substitution of aromatic hydrocarbon-radicals instead of 
H-atoms makes the values of the molecular surface-energy also con- 
siderably greater. 

So the values for sa/o/ are much greater than for the other 
salicylates; of benzylbenzoate it is much greater than of both the 
other benzoates; of acetophenone much greater than of dimethylcetone 
or methylpropylcetone; of diethyl-benzyethylmalonate much greater than 
of diethylmalonate itself; ete. 

Only continued investigations in this direction can however, as 
has already been said, prove with more certainty, if these rules may 
be considered as general ones. Researches of this kind will be 
started in this laboratory within a short time. 


Laboratory for Inorganic Chemistry 
of the University. 
Groningen, June 1914. 


Mineralogy. — “On the real Symmetry of Cordierite and Apophyllite’’. 
By Prof. H. Haca and Prof. F. M. JAEGER. 


$ 1. In continuation of our investigations') on the symmetry of 
crystals, which can be discerned as mimetic or pseudosymmetrical, 
we will give in the following a review of the results obtained in 
our experiments relating to the cordierite (iolite; dichroite) and to the 
apophyllite (albine; ichthyophtalm). Of both kinds of silicates specimens 
of different localities were at our disposal, a fact, which hardly 
can be over-estimated in the study of RöNrGeN-patterns, as will be 
proved below. We will describe in the following pages successively 
our observations with: a) Cordierite; b) Apophyllite. 


§ 2. «a. Investigations on the true symmetry of Cordierite. 

Cordierite, asilicate of the chemical composition: H,(Mg, Fe), Al, Si, ,0,,. 
belongs to those minerals, which like the arragonite, imitate the 
habitus of hexagonal crystals by means of particular polysynthetical 
twinformations. In literature it is only mentioned, that it is “rhombic” 


a H. Haga and F. M. JAEGER, these Proceedings, XVI. p. 792. (1914). 
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(a: b:e=0,5871:1 : 0,5585), but it is evidently unknown, to which 
symmetry-class of the three possible ones it belongs. Its pseudohexagonal 
habitus is obtained in two ways: a. by twin formation parallel 
to {110}, consisting in an intergrowing of three individuals in such a 
manner, that the faces of {110} will function as the apparent prism- 
faces of the pseudohexagonal combination; 5. by a twinning parallel 
to {130}, in which three individuals form either a threefold twin 
by contact, or a threefold one by intergrowth, the faces of {110} 
being turned outward (fig. 1x). In crystals of the structure, described 
sub a, a plate cut perpendicularly to {001}, will appear to be divided 
into six sectors, of which every one is optically biaxial, the planes 
of the optical axes being situated in three successive sectors ander 60° 
one to the other, while they are of course equally directed in every two 
diametrically opposite sectors. In crystals of the type 4 there will 
be either three sectors, in which the axial planes are orientated 
along the larger diagonal of the kite-shaped sectors (fig. 16,); or 
there appear six sectors, in which the axial planes are orientated 
perpendicularly to a diameter of the rhomboidal boundary of the whole 
complex (fig. 16,); in this last mentioned case the axial planes in 
two diametrically situated sectors will appear, as in the case sub a, 
orientated in the same direction. The considered possibilities are 
elucidated by some schematical drawings in fig. 1. 


Single Cristal ae g 5 


Fig. Js 


In most cases the boundaries of the sectors are not distinct; the 
different individuals on the contrary, will penetrate each other 
partially. The cleavage occurs parallel to {O10}, but it is not very 
distinctly pronounced. The optical axial plane is parallel to {100}; 
the c-axis is first bisectrix, and the dispersion is only weak: 9<v. 
Cordierite is one of the most striking instances of polychroitic minerals 
(dichroite); the here used erystals also showed this phenomenon in 
a very marked degree. 


§ 3. In our experiments we could use cordierites of the following 
three places: a colourless cordierite of Madagascar; a pale blue 
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cordierite of Bodenmais; and a pink cordierite of Mount Lhity on 
Madagascar. 
a. From a magnificent, almost colourless, homogeneous and single 
crystal of cordierite, after its label from Madagascar, three plane- 
parallel plates about 1 or 1,2 mm. thick, 
Intensive Were carefully cut, and the following optical 
| Violet properties of them determined (fig. 2); the 
arrows indicate the direction of the luminous 
vibrations, for which the mentioned colours 
were observed in the crystals; obviously 
thus the absorption-scheme with respect to 
the erystal-axes is: a>>.b>>c. The axial 
plane was parallel to {100}; the c-axis was 
first biseetrix (a). The birefringence is about 
0,008, and of negative character. Of each 
Dory Sight flac | Intens Vuk} of these plates we obtained a RONTGEN-pat- 
Fig. 2. tern, after they had been carefully orientated 
in the way formerly described by us. *). The distance of the photographic 
plate and the erystal was 45 mm., while the time of exposure varied 
between 1°/, and 2*/, hours respectively. In connection with the question 
of the orientation, attention must be drawn here once more to the faet, 
that deviations of the theoretically right orientation, even so slight 
that they cannot be controlled any more by means of optical test, 
will however always manifest themselves by a slight dissymmetry in 
the RÖNTGexN-pattern. For instance, the image obtained by radiation 
through {O01} in several experiments, appeared to be always un- 
symmetrical to a more or less degree, while by the optical test in 
any of these cases no appreciable deviation of the optical image 
and of the right orientation of the first bisectrix could be proved. 
Thus even the greatest attainable degree of precision in this orien- 
tation can never exclude the necessity, to acknowledge certain 
impertectibilities of the expected symmetry of the obtained 
ROnTGEN-patterns as of only secondary importance in the vom- 
parison of these images. and to neglect them presently in drawing 
conclusions from the photographs. This point must always be con- 
sidered in all following discussions of the obtained results; without 
this restriction it simply appears absolutely impossible to draw any 
valuable conclusion from the results obtained by experiment. At the 
same occasion we wish further to remark, that the use of a phos- 
phorescent screen (species ‘‘Ereseo’”) behind the photographic plate 


') H. HAGA and F. M. Jagger, these Proc., loc. cit. (1914). 
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Fig. 10a. 


Fig. 10e 
Madagascar, 1 (100). 
Madagascar, 1 (010); the plane of the optical axes is in vertical position 
Madagascar, 1 (001), „ 0 a ce » » » horizontal „ 
Bodenmais, 1 (100). Fig. 7. Cordierite from Bodenmais, 1 (010). 
Mt. Ibity, 1 (100). Fig. 9. Cordierite from Mtlbity, 1 (010). 
Cordierite from Madagascar, corrosion figures (with dilute HF) on [100], (010) and [001]. 
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Fig. 156. 


N-rays have penetrated only one sector 


H. HAGA and F. M. JAEGER. (Cordiërite and Apophyllite). TABLE II: Apophyllite. 


Fig. 13a. 


Fig. 15a. 


Fig. 11. Fig. 16. Fig. 15b. 
Fig. 11. Apophyllite from Paterson (U.S.A.). 1 (001). Fig, 14. Apophyllite from Guanajoto (Mexico), 1 (001). 
Fig. 12. Apophyilite from Bergen Hill (N. J), 1 (O01) Fig. 15a. Apophyllite from Iceland, 4 (001). 
Fig. 13a, Apophyllite from Paterson, 4 (001) Fig. 156. Idem, 1 (100), 
Fig. 130. Idem, after heating on 270°—300° C., 4 (001). Fig. 16. Apophyilite from Iceland, 1 (001); the RONTGEN-rays have penetrated only one sector 


of the crystal. 


Proceedings Kon Akad van Wetensch. Section f. Sc, Volume XVII. A0, 1914/15. 
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evidently often causes disturbances in two possible ways: 4st. by 
increasing appreciably the dimensions of the central spot, because . 
of the diffuse light-emission of the sereen; which fact may render 
some of the spots situated in the immediate vicinity of the central 
part invisible in the reproductions; and 2". because the impossi- 
bility of pressing the phosphorescent screen over its whole surface 
quite equally against the photographic plate, eventually will cause 
some differences in the intensities of the black spots, which apparently 
create an accidental dissymmetry in the obtained photograph. Also 
both these disturbing effects must be taken into account together with 
the above given arguments, to explain the inevitable imperfection of 
the RÖNTGEN-radiograms, thus prepared. 

The RÖNTGeN-patterns, which now are reproduced in fig. 3, 4, and 
5 of plate I, can teach us the following facts: A somewhat more 
accurate study of these photographs will immediately show, that 
the images obtained by radiation through the erystalplates {100} and 
{010}, possess only a Ailatercl symmetry: the molecular arrangement 
of the crystal, seen in the two directions perpendicular to these 
faces, can thus possess only one single plane of symmetry, in the 
first case perpendicular to {100}, in the last one perpendicular to {010} 
and passing through the c-axis; by both images however it is proved 
indubitably, that axes of binary symmetry are completely absent. The 
image, obtained by radiation through the crystal in a direction perpen- 
dicular to {001} however, must be considered doubtlessly to be symme- 
trical with respect toa set of two symmetry-planes, perpendicular te each 
other; of course the intersection of these two planes, being the c-axis, 
needs to be an aas of binary symmetry too. On Table / we have repro- 
duced a ROnTGENogram of this case, which shows some dissymmetries 
by a very small error in the normal orientation; the distribution 
of spots of equal intensity however, etc., suggests the symme- 
trical nature of this radiogram with respect to the mentioned planes 
without any doubt. Of this same crystalplate we obtained some 
more radiograms, which were however not sufficiently intense for 
reproduction; they were somewhat more symmetrical than the pho- 
tograph reproduced here, which fact apparently was caused by a 
somewhat better adjustment of the crystalplate with respect to the 
Ronteen-tube. But an optical investigation of the crystal-plates in quite 
the same position as in which they were during the experiment, allowed 
no distinction of the orientation in the several cases: it must there- 
fore be considered a fact of mere chance, if one gets accidentally 
the right position of the plate, necessary to obtain a pattern, whose 
symmetry approaches the pure one with more or less perfection ; 
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and furthermore, as we already mentioned, the accidental situation 
of the phosphorescent screen will play in this question also a more 
or less important role. 


§ 4. The obtained results were so surprising, that we thought it 
necessary to repeat the experiments of radiation through the plates 
parallel to {100} and {010}, also with cordierites of other localities. 

bh. From a beautiful, pink eordierite of Mount Lhity, Madagascar, 
which had no geometrically definite boundaries, two planeparallel 
plates were cut after {100} and {010} and about 1 m.m. thick. The 
plate parallel to {010} was distinctly dichroitic: for vibrations in 
the directions of the axial plane it was lilac-white, for those perpen- 
dicular to it intensively pink. On {100} the colour for vibrations 
perpendicular to the c-axis was pink; for those parallel to it, the 
plate was almost white. 

In the same way two such plates were cut from a single, short. 
prismatic, chalcopyrite-covered cordierite-crystal of Lodenmais ; it was 
fixed upon an aggregate of chalcopyrite and sphalerite. The mentioned 
plates were from 1,0 to 1,1 m.m. thick, and showed no distinct di- 
chroism: the plate parallel to {100} showed hardly any difference of 
colour for two perpendicular directions; that parallel to {010} was for 
vibrations parallel to the c-axis yellowish-white, for those perpen- 
dicular to it however pink coloured. 

In a quite analogous way as described before, ROnTGENograms of 


these four erystal-plates were obtained. The fig. 6 and 7 give the photo- 
graphs for the crystal from Bodenmais, the figures 8 and 9 those 
for the crystal of Mount Lhity *). 


From these RöNraeN-patterns it can in the first instance immedia- 
tely be seen, that also with these crystalplates all radiograms are 
only symmetrical with respect to one single vertical plane, and 
that in these minerals also binary axes perpendicular to {100} or {010} 
appear to be absent. In connection with the results obtained with 
the other cordierite-plates, it is hardly possible to give any other 
explanation of this, than that the absence of both horizontal binary 


1) The cordierites of Jbity are somewhat richer in SiO,, Al,O3, and MgO, than 
those of Bodenmais, but their content of iron-oxides is less ; the following analysis 
may give some idea of this: 

Ibity : 49.05 0/, SiQg ; 33.08 %/) Al,O,; 11.04%) MgO; 5.2%) FeO + Fe,Qs ; 
1.649/, H,O. 

Bodenmais : 48.58 °/) SiO,; 31.47%) Al,Og; 10.68°/, MgO; 4.90°/) FeO; 
1,850/, FegOs ; 0.09 9/, CaO; 1.960/, H,0. 

Vide also: Wutrinc and Oppengeimer, Sitz. B Heidelb. Akad. d. Wiss. Abt. A, 
N°, 10, (1914). 
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axes and of the horizontal symmetry-plane, is really characteristic of 
the molecular arrangement of the silicate. Founding our statement on 
these experiments, we must therefore draw the conclusion, that 
cordierite is an hemimorphic mineral, belonging to the rhombic-pyra- 
midal class (rhombie-hemimorphie class) of the rhombic system, just 
like calamine and struvite, ete. The threefold twinning-aggregations 
of the cordierite must thus be considered to be real pseudo-heragonal, 
and no pseudo-trigonal mimetic forms. 

Because all possible space-lattices of the rhombic system, as deduced 
by Bravals, possess vertical and horizontal planes of symmetry, the 
molecular arrangement of cordierite can therefore by no means 
-correspond to such a Bravais’ space-lattice. However the pseudo- 
hexagonal symmetry of the mineral, just as its prismatic twinforma- 
tions, seem to indicate with strong emphasis a structure-unit, which 
must be considered derived from the rectangular prism with rhombic 
base, whose angles will differ only slightly (ea. 25’) from 60° or 
120°. The choice between the possible structures is hardly to be 
expected: after SCHOENFLIES’ theory e.g., there will be no less than 
22 arrangements, which correspond to the hemimorphy of the rhombic 
system. (SCHOENFLIFS, Krystallsysteme und Krystallstruktur, 1891, 
S. 433). 


§ 5. A second peculiarity of the obtained RÖNrGeN-patterns is this, 
that notwithstanding their agreement with respect to their general 
symmetry, yet appreciable differences in the distribution of the black 
spots show themselves, if analogous crystalplates, but of different 
localities are compared. Even a superficial comparison of the figures 
3, 6, and 8 of plate I to the one side, and of fig. 4, 7, and 9 to 
the other side, is able to manifest the great differences immediately. 
Doubtless all analogous images show a number of common spots ; 
but in every radiogram there are moreover new ones, while even 
homologous spots in the different photographs appear with such 
different relative intensities, that the total aspect of the figure becomes 
a quite different one by it. 

As these photographs were made all wader precisely the same 
circumstances, we must conclude from this, that the symmetry of 
a species of minerals being evidently always the same, the number 
and the arrangement of its molecular reticular planes, just as their 
molecular densities, are however variable with the special conditions, 
which were prevailing during the formation of the crystals. With 
respect to the erternal form of the crystals, this is a fact which has 
long been known, and which can moreover readily be explained 
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by the different influences of the factors accompanying the formation 
of the crystals. But from our experiments it follows moreover, that 
the infernal arrangement also, the molecular structure itself, must be 
considered as being variable with those external factors; thus to the 
different localities, where minerals are found not only the especial 
differences in habitus of the erystals must correspond, but also some 
variations of its internal structure. With respect to the great signi- 
fieance of this conclusion for the question about the constancy of 
mineral-species in general and about the relations between the 
external forces during the crystallisationprocess and the internal 
crystalline structure, — we must remark, that the correctness of 
our view will be established only — satisfactorily by a great 
number of such experiments, to be made with minerals of very 
different origin and accurately known chemical composition. For 
especially of many silicates, and also of cordierite, it is known, that 
they can be altered under the influence of chemical reagents’); and 
it is very well explicable, if such differences in internal structure, 
as we have stated here, were dependent upon such differences in 
chemical composition, instead of being attributed to the variation of 
physical factors, which may have had a variation of the external 
forms as a consequence, however in the case of cordiriete, these 
variations in chemical composition are only small. Only numerous 
experiments in the direction indicated above, will enable us to decide 
in the alternative. 


§ 6. We have tried to prove the hemimorphy of the cordierite, 
just as it follows doubtless from the described experiments, by 
verifying it again by means of the now usual physical methods. 

In the first instance we tried*) to reach our purpose by the aid 
of the wellknown method of corrosion-figures. The plates of cordierite, 
having been carefully cleaned by benzene, afterwards by alcohol 
and ether, were submitted during a short moment to the action of 
a very dilute solution of hydrofluoric acid; later we made again 
such experiments by means of gaseous hydrofluoric acid and with 
dilute potassiumhydrate-sclutions. In the last mentioned case, we 
were unable to get any well-shaped corrosion-figures; in the expe- 
riments with hydrofluoric acid however, we always got, even after 


‘) Vide in this respect the paper of WuLrine and OPPENHEIMER, just published 
in: Sitz. B. Heidelb. Akad. d. Wiss, Abt. A. N°. 10. (1914), p. 5 and 6; 
L. OPPENHEIMER, Inaug. Diss. Heidelberg, 1914. 


*) In these experiments Dr. A. Stwex has willingly given us his esteemed assist. 
ance, 
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the shortest possible action and by means of very dilute solutions 
of the acid, a great number of corrosion-figures, which appeared to 
be e/evations, instead of impressions in by far the most cases. They 
generally (fig. 10a, 6, ec) did not have any well definiable shape, 
and were moreover quite irregularly distributed over the surface of the 
erystalplates*); only on {O01} we succeeded sometimes in getting 
some extended rectangular forms, proving the presence of a binary 
axis and of two perpendicularly intersecting symmetry-planes. The 
corrosion-figures on {100} and {010}, and also on the prism {110} 
of the erystals from /bity and Bodenmais, proved clearly in every 
ease the absence of a horizontal plane of symmetry; they were 
however furthermore so abnormally shaped, that they could hardly 
he used for the control of the above deduced symmetry of the 
crystals. This case proves once more, that the method of corrosion- 
figures used, eventually can give unreliable results, either by the 
production of abnormal etching-figures or by a shape of the corrosion- 
figures, which cannot sufficiently exactly be defined. 

A second trial to determine the physical symmetry in this case, 
was based upon the idea, that because the principal axis c was of 
polar nature, it would be possible, that its ends would manifest 
opposite electrical changes on mechanical deformation or on heating. 
Although we are strongly convinced of the truth that a negative 
result can hardly be considered to be a decisive argument in this 
question, we have nevertheless spent a considerable time in en- 
deavouring to prove the polarity of the c-axis by means of Kunpt’s 
method of dust-figures. Although we were able to obtain on this 
occasion e.g. the alternative red and yellow powdering of the vertical 
edges of prismatic quartz-erystals in a very satisfactory way, however 
all our numerous tentatives with plates of cordierite, as well with 
the pinacoidal as with the prismatic plates, remained without a 
positive result. In every case, if present, this piezo-, or pyro-electrical 
polarity of the c-axis appears to be only so feeble, that it seems 
impossible to prove its existence in the described way with any 
certainty. 

It is a quite remarkable fact, which strongly corroborates the 
value of the new method that even where all crystallographic methods 
to find the smaller physical symmetry-differences of crystals used up 
to this date, are failing, the new method however appears to be quite 
able to elucidate the finer feature of symmetry of such crystals in 
so complete and persuading a way. Therefore an indubitable place 


1) In these photographs, the crossed hairs in the field are parallel to the 
directions of optical extinction of the plates. 


29 
Proceedings Royal Acad, Amsterdam. Vol. XVII. 
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needs to be reserved in future to the method of RöntGrNograms 
among all other erystallographical methods. At the same time however 
it is proved by the results obtained with minerals of different 
localities, how strictly necessary it properly must be considered, to 
build up the whole systematical mineralogy starting from this new 
point of view, and what surprising results are surely to be expected 
therefrom. 

We will now describe here the analogous experiments, made 
with apophyllite. 


§ 7. Investigations relating to the Symmetry of Apophyllite. 

For our investigations of the symmetry of apophyllite, we had 
material at our disposal from the following localities: a. from 
Paterson (U.S. A); from Bergen Hill, Erie Railroad N.J.; c. from 
Guanajato, in Mexico; d. from Berufjord in Iceland. The apophyl- 
lites of American origin we will place opposite to that of Zceland 
as a typical group, because they manifest, as will seen below, some 
peculiarities in their molecular structure, which are not present in 
the Zceland-mineral, and are substituted in it by other qualities. 

Apophyllite, a mineral with the chemical composition: 

KH.Ca,Si,O,, + 45 H,O 
belongs to the important group of the remarkable zeolithic silicates ; 
they all contain water, and as was proved for many of them already, 
their vapourtension at constant temperature appears to be continually 
variable with their momentaneous content of water, a behaviour 
quite opposite to that of hydrated salts in general. The explanation 


of this phenomenon is commonly given in this way, — which is 
confirmed completely moreover by the physical properties of these 
silicates, — that the water is not combined with the silicate like 


the water of crystallisation, but that it is present, at least partially, 
either in solid solution or hold in the silicate-skeleton by absorption. 

Apophyllite is a typical representative of an optically anomalous 
or mimetic crystal: Brewster in 1819 already discovered the partition 
of the crystal-sections in numerous fields, and since that time the 
pseudo-tetragonal crystals of this mineral have often been the subject 
of research. For the explanation of this anomalous behaviour, two 
theories have been started: in 1877 by Marrarp, who supposed the 
crystals of apophyllite to be polysynthetic twinnings of perpendicularly 
crossed and penetrating monosymmetric lamellae, — the dimensions 
of the monosymmetric molecular-arrangement differing only slightly 
from those ofa tetragonal structure. The second view, chiefly defended 
by ©. Krein, explains the optical abnormalities as caused by internal 
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stresses, which in their turn are caused by an isomorphous mixture 
of optically positive and negative material '). The supposition of the 
existence of such positive and negative apophyllite-substanees which 
is really confirmed in some cases by direct observation, must serve 
at the same time for the explanation of the very weak birefringence, 
and the so-called /eukocyclite-, and chromocyclite-phenomena. We will 
demonstrate in the following pages, that, — waiving tbe question, how 
far the last mentioned phenomena need to be explained by this 
intergrowth of optically positive and negative substances, -— in every 
case the method of the RöÖNrerN-radiation decides the alternative 
between the two views indubitably in fuvour of Marrarp's hypothesis. 


$ 8. The American apophyllites used were all transparent, pearl- 
coloured crystals; they have a layer-structure parallel to {001}, to 
which form also the direetion of perfect cleavage is parallel. 

Without exception all these apophyllites are optically biaxial in 
convergent polarised light, with positive character of the birefringence. 
The apparent axial angle is only small, with a dispersion: 9 < v. 
By means of a gypsumplate giving the red colour of 1st order, one 
sees, that numerous blue-, and orange-tinged, rectangularly bounded, 
very small fields are in juxta-, and superposition to each other, as 
in a mosaic; the crystal makes the impression of consisting of an 
innumerable quantity of perpendicularly very small lamellae, which 
evidently are distributed and superposed in very unequal number 
and in a rather irregular way. 

All these preparations give, if the RönraeNrays are directed pers 
pendicularly to {O01}, the radiograms, which in Table // are repro- 
duced in the figures 1, 2, 3“ and 4. Of all these radiograms it is 
again characteristic, that they possess a single plane of symmetry as 
unique symmetry-element; it is placed in a vertical situation in all 
reproduced figures, and corresponds, as was found later, to a direction 
perpendicular to the axial plane of the optically biaxial individuals. 
The direction of this plane of symmetry can always rather easily 
be fixed on the original negatives by the particular aggregation of 
spots at the upper side of the image, which has the shape of a 
double pinnacle between the two very distinct circular garlands of 
spots there; and also by the fact, that it cuts symmetrically the 
group of the five very intense black spots, which in fig. 1, 3’ and 4 
are visible just beneath the centre: in fig. 2 these spots are invisible 


1) The optical phenomena in basal sections of the optically positive apophyllites 
ave (after Kooke) exactly analogous to those which would be produced in the 
originally uniaxial crystals, by stresses, working parallel to the edges (001); (110). 


29” 
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On the reproduetion, by the strong radiation of the phosphorescent 
sereen and the enlargement of the central spot caused by it, but 
they were distinct on the original photographs. 

It is therefore doubtless, that these photographs can be considered 
to have brought the proof of the fact, that the pseudotetragonal c-axis 
of the apophyllite-crystals, is not even a binary axis; but that at 
best it can be compared with the vertical axis of a monosymmetric 
molecular arrangement: the original molecular structure of apophyllite 
is not of tetragonal, but of monoclinic symmetry. 

We once more emphasize in this connection the existence of the 
group of five intensive spots, just beneath the centre of the image. 
Indeed this garland of five spots, which correspond to five molecular 
planes, seems to be typical for all apophyllites of American origin ; 
it plays evidently in these silicates a preponderant role. As in 
literature there can be found some data, relating to the fact, that 
a heating to 270° C. would be able to expel a part of the water 
and to make the crystal tetragonal in reality, — we have studied 
the effect of such a heating at 270° to 300° C. by means of the 
heating-apparatus formerly described by us. And now it was found, 
that all spots disappear, but that the mentioned five intense spots 
are elongated like the fingers of a hand (tig. 36 on plate II). This 
fact could be explained by the supposition that the original sets of 
parallel molecular planes, by which the five intensive spots were 
produced, are changed during the deshydratation and heating gradually 
into the same number of now divergent molecular planes lying in 
five zones respectively. This would be possible, if the molecular 
planes, which are situated nearer to the erystal-surface, will lose 
their watermolecules sooner and more easily than those situated 
nearer the inner part of the crystal: the expelling of the water 
takes place namely very slowly and gradually, while the planes are 
rotating round their zone-axes continually during this deshydratation. 
It is possible, that an analogous, but far more irregular distortion 
of the positions of the molecular planes will be the cause of a gra- 
dually getting vaguer and finally of a disappearing of all other points 
and spots; if not the other explanation, namely that all these points 
correspond to the action of the watermolecules alone, can be accepted. 
It will be only possible to give some stronger affirmation of this view, 
if more zeolithie silicate will be investigated in an analogous way. 
The fig. 35 is made, after the heated crystal being cooled down 
to the roomtemperature; it appears to be completely identical however 
with the image obtained at 300° C. within the furnace, and it is 
only reproduced here instead of the other, because the last mentioned 
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photograph was too pale. The resulting state of the heated apophyllite 
remains thus absolutely fixed on cooling; after the data given in 
literature, the water expelled at 260° C. will be only resorbed after 
about 3600 hours from an atmosphere of water vapour. Anticipating 
on our experiments with the apophyllite of Jcedand, we can remark 
in this connection, that with this mineral, which did #0t show the 
five mentioned spots, there remained nothing at all on the photo- 
graphic plate, after the crystal was heated, except some feeble action 
on the places of the most intensive spots of the original image; 
they only proved, that the transformation by the heating was not 
yet completely finished. In no case we have therefore succeeded in 
proving, as before was done with the boracite, that the pseudotetra- 
gonal aggregation of monosymmetrie material, above a certain tem- 
perature can be changed into the really higher symmetrical form: 
instead of such inversion, a change in the silicate-skeleton is pro- 
duced, which at least during the short interval of the experiment 
can be considered to be irreversible, and which has nothing or not 
directly to do with the real transformation into a true tetragonal 
form. 


$ 9. In opposition to these American crystals, the used apophyllite 
of Leeland must be discerned as a most beautiful, glassy, and perfectly 
clear crystal, which was determined to be a combination of sharp 
pyramid {111} and basal pinacoid {O01}. The angles of the pyramid 
and of pyramid and basal pinacoid were variable within rather 
wide limits; they deviated from the angles commonly mentioned in 
literature by an amount of circa 30’ to 1°; yet the reflected images 
were splendid and quite sharp, this phenomenon too leading to the 
supposition, that the tetragonal symmetry could only be a mimetic 
one: 

{001} : {111} = 59°24’ to 60°13; in literature : 60°32’. 

ARN a =S = + : 58°56' 

Be eS ae Tij = 74°38) to 75°39’; sf Siti coe 
“rather oscillating”’. 

From this crystal two planparallel plates were cut, the one 
parallel to {O01}, the other to {100}. 

The plate parallel to {001} between crossed nicols appeared 
to be not completely isotropous, but to possess an extremely weak 
birefringence, with the principal optical sections orientated perpen- 
dicularly to the edges (110) : (O01). 

By means of a gypsum-lamella, giving the red of 1st order, it 
appeared to be divided into four sections, of which the diametrically 
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opposed ones were tinged blue, while the other ones were orange. 
Every sector is optically biaeinl, with positive character; the axial 
plane is in every sector perpendicularly orientated upon the corre- 
sponding edge (110):(001). The four quadrants were limited in the 
centre of the basal section by straight borders, corresponding with 
the edges of the pseudo-tetragonal pyramid; in every sector the 
direction parallel to the corresponding edge (110): (OOI) is that of 
smaller optical elasticity. 

The plate, which was cut parallel to {100}, showed on very 
strong enlargement and by the aid of a gypsum-plate with the red 
of 1st order, a very fine lamellar structure: the lamellae are super- 
posed parallel to the faces of the pyramidal, apparently tetragonal 
limiting forms, while also locally smaller or more extended fields 
can be discerned, in which the optical orientation appears to be 
different and in an orientation, evidently perpendicular with respect 
to each other. 

Of these plates the RONTGEN-patterns were obtained in the usual 
way: the fig. Sa, plate IL represents the image, if the plate parallel 
to {OOI} is radiated through; it corresponds to the centre of the 
basal sections, where the four sections are tangent to each other; 
fig. 6 was obtained by radiation through one single sector, and 
fig. 55 represents the ROnTGENogram, correspondiug to a radiation 
through the plate, cut parallel to {100}. 

Although fig. 5a appears to be approaching to a much higher 
degree to real tetragonal symmetry, it is easy to recognize in it the 
perpendicularly crossed partial figures of the photographs fig. 1—4, 
but without the formerly mentioned intensive five spots near the 
centre; and fig. 55 shows a symmetry with respect to two planes 
of symmetry, perpendicular to each other, and a binary axis. In 
fig. 6 it would again be possible to doubt this approach to tetragonal 
symmetry; however it seems to be present, and the figure allows, 
e.g. by direct comparison with fig. 4, to prove that in the radiograms 
of the /celand-apoplyllite doubtlessly several elements of the mono- 
symmetric American structures are present. From all these peculiarities 
it seems that we may conclude, that the image of the apophyllite 
from Jceland approaches only therefore more that of a real tetragonal 
crystal, because the intergrowth of the monoclinic lamellae is in this 
case much finer and more regular than in the American species; 
and with this doubtlessly the other fact is connected, that the 
[celand-mineral looks so much clearer and within larger sectors 
more homogeneous, than the turbid-looking and opaque American 
apophy lites, | | 
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Finally we can here also fix the attention to the fact, that the 
R6nTGeNograms of the apophyllites of different localities differ yet 
in their finer features, although they possess the same general 
symmetry. 


§ 10. In our opinion these investigations have decided without 
any doubt between the two prevailing theories for the explanation 
of the optical anomalies of apophyllite, i favour of MArLARD'’s 
hypothesis: not the tetragonal molecular structure, disturbed later by 
internal stresses, must be considered as the primary state of the 
mineral; but this state corresponds to an originally monoclinic 
molecular arrangement, which approaches very closely to a tetragonal 
one, and which reaches its pseudo-tetragonal character by the 
crossing and intergrowth of two such monosymmetric structures, 
by means of polysynthetic lamellar twinning, and a mutual penetration 
in directions, which make an angle of 90° with each other. 


POSTSCRIPT. 
Finally we will use this opportunity, to add here again a con- 
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Boracite at 300°. CG, 
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struction-figure, relating to our paper on the symmetry of boracite '); 
this figure wall reproduce the changes observed by us with this 
mineral before and after heating, in a ciearer way, than the not 
very satisfactory photographical reproductions given in that paper. 
In constructing this stereographical projection, Dr. L. S. ORNSTEIN 
has given us again his kind assistance, for which we thank him here 
also once more. The change of the binary axis into the quaternary 
one, is proved by this figure again in a very striking manner, and 
it is easy to see, which reticular planes of the molecular structure 
have disappeared at higher temperature. 

At the same time we will correct some errors in the former 
paper, where on p. 797 the words “right” and “left” need to be 
interchanged several times, because the photographs are unhappily 
placed in reversed position, so that on comparison of the text and the 
figures, there is a confusion of right side, left side, and of horizontal and 


Boracite at room-temperature. 


1) H. Haga and F, M. JAEGER, these Proc. loco cit. 798 (1914). 
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vertical directions. The new figure in this paper has been adjusted in 
such a position, that it will correspond to the text of p. 797, if only the 
words vertical and horizontal (line 9 and 10 from beneath) are inter- 
changed on reading. 


Groningen, June 1914. 
Laboratories for Physics and for Inorganic 
Chemistry of the University. 


Physics. — “FrrsNeL's coefficient for light of different colours.” 
(First part). By Prof. P. Zeeman. 


One of the empirical foundations of the electrodynamics of moving 
bodies in the domain of opties is Fizeau’s celebrated experiment on 
the carrying along of the light waves by the motion of water. Let 
w be the velocity of water relative to an observer, then for him 
the velocity of light propagated in the water wauld be 


é 
a = 
u 
if the dynamical laws for the addition of velocities were perfectly 


general. 

In this equation u designs the index of refraction of water, c the 
velocity of light in vacuo, and we must take the upper or the lower 
sign, according as the light goes with or against the stream. Fizeau 
demonstrated that not the entire velocity w but only a fraction of 
it comes into action. This particular fraction appeared to be approxi- 


. 1 
mately equal to 1——, Fresnew’s coefficient. Hence we must write 


2 
il 


in place of the above given formula: 


OE EA Te tt et NL Wa UR] 
u 
where 
1 
li der ’ e < é ‘ . a ° (2) 
fe 


For water ¢ is equal to seven-sixteenths. 

The extremely important role which the formulae (1) and (2) have 
had in the theory of aberration, in the development of LoreNtTz’s 
electronic theory needs not to be exposed here, and it is hardly 
necessary to state that equation (1) is now regarded as a simple 
confirmation of EINsTEIN’s theorem concerning the addition of velocities. 

I may be permitted however to point out the smallness of the 
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second term of formula (1). The velocity which we are able to 
obtain in a column of water transmitting light is of the order of 
magnitude of 5 metres per second. We have thus to find a difference 
3 10° 
4/3 

This was done by Frzwav *) in one of the most ingenious experi- 
ments of the whole domain of physics. Fizeau divided a beam of 
light issuing from a line of light in the focus of an object-glass 
into two parallel beams. After traversing two parallel tubes these 
beams pass through a second lens, in the focus of which a silvered 
mirror is placed. After reflection the rays are returned to the object 
glass, interchanging their paths. Each ray thus passes through the 
two tubes. A system of interference fringes is formed in the focus 
of the first lens. If water is flowing in opposite directions in the 
two tubes, one of the interfering beams is always travelling with the 
current and the other against it. When the water is put in motion 
a shift of the central white band is observed: by reversing the 
direction of the current the shift is doubled. 


of velocity of 5 metres in m., 1.e. of one part in fifty millions. 


The ingenuity of the arrangement lies in the possibility of securing 
that the two beams traverse identical ways in opposite directions. 
Every change due for example to a variation of density or of tem- 
perature of the moving medium equally influences the two beams 
and is therefore automatically compensated. 

One can be sure that a shift of the system of interference fringes, 
observed when reversing the direction of the current must be due 
to a change of the velocity of propagation of the light. 

The tubes used by Fizrav had a length of about 1,5 metres and 
an internal diameter of 5,3 m.m., whereas the velocity of the water 
was estimated at 7 metres. With white light the shift of the central 
band of the system of interference fringes observed by reversing the 
direction of flow was found from 19 rather concordant observations 
equal to 0,46 of the distance of two fringes; the value calculated 
with FRESNEL’s coefficient is 0,404. 

The result is favourable to the theory of Fresnn,. The amount 
of the shift is less than would correspond to the full velocity of 


“a 1 
the water and also agrees numerically with a coefficient 1-—, if 


u 
the uncertainty of the observations is taken into account. 


') H. Fizeau. Sur les hypothèses relatives à 1’éther lumineux et sur uné expérience 
qui parait démontrer que le mouvement des corps change la vitesse avec laquelle 
la lumière se propage dans leur intérieur. Ann. de Chim. et de Phys. (3) 5% 
385. 1859. 
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Fizrav’s experiments, though made by a method which is theore- 
tically as simple as it is perfect, left some doubts as to their accu- 
racy, partly by reason of the remarkable conclusions as to relative 
motion of ether and matter to which they gave rise, and these 
doubts could only be removed by new experiments. 

85 years after Fizeau’s first communication ') to the Academie 
des Sciences, Micurnson and Morty’) repeated the experiment. 
They intended to remove some difficulties inherent to Fizmau’s method 
of observation and also, if possible, to measure accurately the fraction 
to be applied to the velocity of the water. MicurLson uses the prin- 
ciple of his interferometer and produces interference fringes of con- 
siderable width without reducing at the same time the intensity of 
the light. The arrangement is further the same as that used by 
Fizeau but performed with the considerable means, which American 
scientists have at their disposal for important scientific questions. 
The internal diameter of the tubes in the experiment of Micurison 
and Morrey was 28 m.m. and in a first series the tota/*) length of 
the tubes was 3 metres, in a second series a little more than 6 metres. 

From three series of experiments with while liyht Mienerson found 
results which if reduced to what they would be if the tube were 
2x5 metres Jong and the velocity 1 metre per second, would be 
as follows: 


“Series 4 = double displacement 
i 0,1858 
2 0,1838 
3 0,1800” 


“The final weighted value of A for all the observations is A =0,1840. 
From this by substitution in the formula, we get e= 0,434 with a 
possible error of + 0,02”. 

For light of the wavelength of the D-lines we calculate 1 — 
— — = 0,487. This agreement between theory and observation is 

u 
extremely satisfactory. 

A new formula for ¢ was given by Lorentz‘) in 1895 viz.: 


1) Comptes rendus 53, 349, 1851. 

2) A. A. Mrenerson and E. W. Mortey, Influence of motion of the medium on 
the velocity of light. Am. Journ. of Science (3) 31, 377, 1886. 

3) Viz. the sum of the lengths of the ways in the moving medium, traversed 
by each of the interfering beams, or approximately twice the length of one of the 
tubes. 

4) H. A. Lorentz Versuch einer Theorie der electrischen und optischen Erschei- 
nungen in bewegten Körpern, p. 101, 1895. See also Theory of Electrons p. 290, 


Em pears = oT we 4, oe he Naar) 


For the wavelength of the sodium lines this becomes: 
0.451. 

We see, therefore, that the. value deduced by formula (3) deviates 
more from the result of the observations than the value given by 
the simple formula (2). 

“Sollte es gelingen, was zwar schwierig, aber nicht unméglich scheint, 
experimentell zwischen den Gleichungen (3) und (2) zu entscheiden, 
und sollte sich dabei die erstere bewähren, so hätte man gleichsam die: 
Dorerer’sche Veränderung der Schwingungsdauer für eine künstlich 
erzeugte Geschwindigkeit beobachtet. Es ist ja nur unter Berück- 
sichtigung dieser Veränderung, dass wir die Gleichung (3) abgeleitet 
haben’’. *) 

It seemed of some importance to repeat with light of different 
colours Fizmav’s experiment, now that the correspondence between 
theory and observation had become less brilliant, and in view of 
the fundamental importance of the experiment for the optics of 
moving bodies. 

From the point of view of the theory of relativity the formula (8) 
is easily proved, as has been pointed out by Lave’), neglecting 


© 
a 


u 
terms of the order — . Recently, however, again some doubt as to 
C \ 


the exactness of Lorentz’s term has been expressed. I may refer: 
here to a remark by Max B. Weinstein’) in a recent publication 
and to a paper by G. Jaumann *). The last mentioned physicist gives 
an expression for the coefficient ¢, which for water does not differ 
much, but in other cases deviates very considerably from FrrsNer’s 
coefficient. 

The interference fringes were produced by the method of Mrcuerson. 
The method of observation introduced will be described later on. 
The incident ray s la meets a slightly silvered plate at a. Here it 
divides into a reflected and a transmitted part. The reflected ray 
follows the path a be dea f, the transmitted one the path 
aedcba f. These rays meeting in the focal plane of f have 


1) LoRENtz. Versuch u. s. w., 102. 

*) M. Laue. Die Mitführung des Lichtes durch bewegte Körper nach dem Re- 
lativitätsprinzip. Ann. d. Phys. 23, 989. 1907. 

5) Max B. Weinstein. Die Physik der bewegten Materie und die Relativitäts- 
theorie. Leipzig. 1913, see note on p. 227 of his publication. 

) G. JAUMANN. Elektromagnetische Theorie. Sitzungsber. d. Kaiserl. Ak. der 
Wiss. Wien. mathem. naturw. Kl. 117, 379. 1908, especially p. 459. 


| 
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pursued identical, not only equivalent, paths, at least this is the 
case for that part of the system of interference fringes which in 
white light forms the centre of the central band. 


Fig. 1. 


In order to verify the formula (3) it is necessary that the light 
be monochromatic. Further it seems of immense advantage to have 
a water current which remains constant during a considerable time. 

For observations with violet light this even becomes strictly neces- 
sary, because visual observations are impossible with the violet 
mercury line (4358) used. Micuerson obtained a flow of water by 
filling a tank, connected with the apparatus; by means of large 
valves the current was made to flow in either direction through the 
tubes. “The flow lasted about three minutes, which gave time for 
a number of observations with the flow in alternating directions”. 
In view of my experiments the municipal authorities of Amsterdam 
permitted the connection of a pipe of 7.5 cm. internal diameter to 
the main water conduit. There was no difficulty now photographing 
the violet system of interference fringes, though the time of expo- 
sition with one direction of flow was between 5 and 7 minutes. 
The pressure of the water proved to be very constant during a 
series of observations; the maximum velocity in the axis of the 
tubes, of 40 m.m. internal diameter and of a total length of 6 
metres, was about 5,5 metres. 

Before recording some details of my experiments, | may be per- 
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mitted to communicate the general result that for water there exists 
a dispersion of FrrsNer’s coefficient and that formula (3) and there- 
‚fore the third term of Lorentz is essentially correct. 

I wish to record here my thanks to Mr. W. pr Groor phil. nat. 
eand. and assistant in the physical laboratory for his assistance 
during my experiments with the final apparatus. 

The difficulties encountered in these experiments were only sur- 
mounted after two reconstructions of the apparatus. Great annoyance 
gave the inconstancy of the interference fringes, when the pressure 
of the water or the direction of flow were changed. Then not only 
the width of the interfereice bands, but the inclination of the fringes 
were undergoing uncontrollable variations. All these defects were 
perfectly eliminated by the use of wide tubes and by arranging the 
end plates in the manner indicated in Fig. 3. 


Fig. 3. 


I am indebted to Mr. J. VAN per Zwaar, instrumentmaker in the 
laboratory for his carefully carrying out my instructions and designs 
in the mechanical construction of the apparatus. 

In fig. 2A a side aspect, and in Fig. 2B a horizontal projection 
of the arrangement on a scale of about '/,,t is given (see Plate). 

The interferometer is at the right side, at the left the rectangular 
prism is placed. 

The mounting of this prism is only sketched and was in reality 
more stable than might be inferred from the drawing. 
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Prism and interferometer were mounted on the piers eemented 
to the large briek pier of the laboratory. The tubes are entirely 
disconnected from the interferometer and mounted on a large iron 
[ girder; this girder is placed upon piers of freestone cemented to 
large plates of freestone fixed to the wooden laboratory floors. In 
this manner the adjustment of the interferometer cannot be disturbed by 
vibrations proceeding from the tubes. At the right of the horizontal 
projection the four large valves may be seen, by turning which the 
current was made to flow in either direction through the tube systems. 

The mountings containing the glass plates by which the tubes 
are closed are not given in the Plate. One of these mountings con- 
taining the plane parallel plates of glass is drawn to scale in Fig. 3 
at one half of the natural size. The four plates of glass are by 
Hiner, they are circular of 24 m.m. diameter and 10 m.m. thick; 
in a second series of observations plates 7 m.m. thick have been 
used. The accuracy of parallelism of the plates is excellent; they 
are indeed cut from echelon plates. The general plan adopted for 
the construction of the plate mountings is this: one can only be 
sure that no change will occur in the position of the plates during 
the course of an experiment, if this position is entirely definite. In 
order to attain this the glass plate rests upon the inner, accurately 
grinded, surface of the brass piece d. This piece d fits accurately 
into the conical inner part of a piece hb, itself rigidly screwed to 
the tube a. Parts d and 6 are connected by means of the counter 
nut c. The glassplate is held against d by the nut e. There is no 
objection to the presence at the inside between e and d of rings of 
hard india-rubber and of brass. (To be continued). 


Physics. — “A new relation between the critical quantities, and on 
the unity of all substances in their thermic behaviour.” (Con- 
clusion). By Dr. J. J. van LAAR. (Communicated by Prof. H. A. 
LORENTZ). 


(Communicated in the meeting of April 24, 1914). 


By way of supplement we shall add the calculation of three more 
isotherms below the critical temperature, for which (loc. cit.) data 
are known from the unsaturated vapour region. If the 3-values above 
T; were somewhat too high on the whole, now we shall find values 
which are much too low, lower even than #,, and therefore impos- 
sible. These deviating values can only be explained, when with low 
temperatures and large volumes association in the vapour is assumed, 
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For then, when RT in the equation of state is made smaller by a 
factor <1, also v—b will be smaller, hence 6 greater. In this way 
the too small 4-values could therefore be raised to the normal amount. 
We shall see in the following paragraph that inside the region of 
coexistence the same phenomenon takes place: the 6-values in the 
vapour much too small (even large negative), the h-values in the 
liquid phase normal and in harmony with the theory. 

Something particular takes therefore place for the large volumes: 
there is either association in the vapour, or the values of the pressure 
have been measured too small, or the values of the vapour densities 
too large. We shall presently return to this. 


f. Isotherm of —130°,38 = 142,71 absolute. Hence m=0,9473, 
3,424 m = 3,244. 


€+5:n2| nf eee 


12.773 | 27.304 || 0.2661 | 10.873 | 0.3084 | 40.518 || 0.355 
28.878 | 77.821 || 0.6016 | 3.827 | 0.9430 | 3.440 || 0.387 


| 


Mean 0.371 it: 


Here we should have y = 0,727,8, = 0,415, Be =F, Xi LTO 0 EDE 
Hence the value of #, found is too low. 


g. Isotherm of — 139°,62 — 133,47 abs. Here is m — 0,8860, 
imo USE 


P dy PS n | e+5:n2 n— B 
|| | | || 
11.986 28.122 0.2497 10.591 | 0.2943 10.308 1 0.283 
14.586 30018 0.3039 | 8.313 | 0.3752 | 8.085 | 0.287 
| | 
Mean 0.285 


With 7'= 133,47 corresponds y = 0,719, Bp —= 0411, 6,=F,X 
X 1,457 = 0,416. The found value of B, viz. 0,285, is far below 
the theoretical value 0,42. 


h. Isotherm of — 149°60 — 12349 abs. For m is found 


m = 0,8197, so 3,424 m = 2,807. 


—_— nn 


| 
11.150 29.183 
12.788 | 34.646 0.195 
Mean 0.194 


Here y—=0,711, By = 0,406, B, = 2, X 1439 = 0,411; 0,19 
again remains considerably below this. 

Combining the found values of 2, in a table and comparing them 
with the theoretical values, we get the following survey. 


m | Los. FAS 1713 1,04: 7 1.08 0.95 0.89 0.82 
ge! | Jy | 
| 
By calc. | 0.49 0.46 0.435 0.43 0.43 OGEN 0.42) > 07411 
B, founder “0,557 0:5h,..0.45 >. 0.43. 0.42 0.372 0.28? 0.19? 


As was already remarked above, the great deviation, especially 
below 7).(m<1), must not be ascribed to the theory, but to the 
experiment, or to association in the vapour. 

For the found values of &, become, as we shall see, even negative, 
hence impossible, at still lower temperatures — while also Binge 18 
continually found smaller than @y,, which of course points to 
something particular in the vapour: either association, or inaccurate 
vapour- or volume determinations, in consequence of a systematic 
error. (Consult also g. of § 18 for a possible explanation.) 


18. The region of coexistence. (Cf. Comm. 131 and These Proc. 
of Nov. 1913 (Comm. 138)). 

For the calculation of & from the given values of the coexisting 
vapour and liquid densities it is to be regretted that the vapour 
pressure observations (see also Comm. 115) have not been made at 
exactly the same temperatures as the density observations. This has 
rendered interpolations necessary, which of course impairs the 
perfect accuracy of the «, which will make its influence felt chiefly 
on the #-values which are calculated from the vapour densities. 

In this connection we should not omit mentioning that the value 
of f, calculated from the first observations of the vapour tensions 
(Comm, 115). is much too low, viz. 5,712, whereas the much better 

30 

Proceedings Royal Acad, Amsterdam, Vol. XVII. 


{ 


454 


value 7 >> 5,933 follows from the values given in Comm. 1202 
(see p. 10) ’). 

We had even sufficient reasons (see § 17) to fix the value of 
f' at 6 (f could be still somewhat larger then). 

Ranxinz-Boskr’s interpolation formula (see These Proc. of Noy. 1918, 
or Comm. 138), namely 


log p= a en +a 


gives by differentiation: 


dp b 2e jd 
= 2,3] — — —-— — | 
pdT hehe 48 Pe hs 
hence 


en ae bs z)= jens 391 — ee |. 

p aT {a Diver he th dk L 

But this formula, which is calculated from all the observations 
of p (so also from those below 140°,80), and corresponds pretty 
well with it, gives the value f} = 5,628, which is much too low, 
at 7, (150,65), hence still lower than the value Jh = 5,712, given 
at the conclusion of Comm. 115, and calculated with / = — 524,3169, 
e= +11843,28, d= 0. 

In virtue of this I think I have to recommend caution in the 
use of the values of p, at least in the neighbourhood of the critical 
temperature. 

We shall now give the following survey of the values found for 
the densities 9, and 9, (Comm. 181), and also the corresponding 


S 


values of p (Comm. 115, and These Proc. of Nov. 1913 or Comm. 138). 


ie 
vps? 


=0.77289 | VU, =0.29534 | p=42.457 (for — 125°,49) 


—125°.17 | O0, 

— 1319.54 | 0.91499 | 0.19432 | 35.846 ( » — 1299.83) 
— 135°.51 | 0.97385 0.15094 | 20.264 ( » —134°.72) 
— 140°. 20 1.03456 0.12552 | 22.185 (> — 140°.80) 
— 150°.76 1.13851 | 0.06785 | 13.707 (>» — 150°.57) 
— 161°.23 1.22414 | 0.03723 | 1.4332( > — 161°.23) 
— 175°.39 | 1.32482 | 0.01457 | — = 

— 183°.15 1.37396 | 0.00801 1.3369 ( » — 183°.01) 


We have calculated from 0, and ©, the values of d, and d, 
given in the following tables by means of 9, = 0,53078. 


1) Slightly below 7's, at —125°,49, f = 2,577 X2,3026 = 5,933 was namely found, 
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@. t=—125°,17, hence T=147,92, m=0,9819, 3,424 m = 3,369, 
By means of linear interpolation p= 42,944 has been calculated, 
so e — 0,8947. 


d, = 1.4563 
dy = 0.5564 


0.687 
1.797 


0.304 (lig) 


1.376 


11.50 | 0.292 
| 0.421 (vapour) 


As theoretically 2 ranges from 0,42 to 0,29 (see above), both the 
values found can be correct. 

6. t= — 160°,54, -T = 141,55. Hence m = 0,9396,. 3,424 m = 
= 3,217. Linear interpolation, giving p= 33,545, ¢—0,6989, would 
be too uncertain here, as —129°,8 differs too much from —131°,5. 


m 


1—m 


Van per Waars’ formula — log’ e= f 


the value «= 0,6964. 


gives with f= 2,444") 


d n | e-+5 d? nf? | B 
| 
dj, = 1.7238 0.580 15.55 0.207 | 0.373 (lig.) 
d, = 0.3661 2.732 1.367 2.354 | 


0.377 (vapour) 


| 


As 2 ranges from 0,42 to 0,29, the ?-value in the vapour is too 
small. 

c. t= —135°,51 — 137,58 abs. Hence m = 0,9132, 3,424 m=3,127. 
A linear interpolation gives p= 28,344, ¢=0,5905 ; VAN DER WAALS? 
formula with f == 2,420 gives e= 0,5890. 


= 


d é+5d? n—B | B 


d, = 1.8348 0.545 || 17.42 
d, = 0.3013 3.319 1.043 


0.179 
2.998 


0.366 (Lig) 


0.321 (vapour) 


1) The values of f have in each case been calculated by me from the vapour- 
pressure observations, 
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The Z-value in the vapour begins to be smaller here than that 
in the liquid! 

d. t= —140°,20 = 132,89 abs. Hence m =: 0,8821, 3,424 m=3,020. 
For p we find through linear interpolation p= 22,795, «= 0,4749; 
from — log’ e = ete. with f==2,415 on the other hand «= 0,4757. 


d n e+5 d2 | n—B 6 
| | | ef ai 
d,—1.9491 | 0.513 19.47 0.155 || 0.358 (lig) 
| | 
dj = 0.2365 | 4.229 0.7553 | 3.999 || 0.230 @) 


2, should be about 0,42. Besides 0,23 is again < 0,56. 
e. t= —150°,76 — 122,383 abs. Hence m—0,8120, 3,424m—= 
= 2,780. Linear interpolation gives p = 13,595, e — 0,2832. 


d,—2.1450 | 0.466 23.29 | 0.119 || 0.347 (lig) 


deed ABk 782 0.3649 | 7.619 || 0.204 (wJ) 
| i} | i| 


The value of 2, is 0,41; 0,20 remains far below this. We moreover 
point out that also h of $ 17 at t= —149°,6 yielded a perfectly 
harmonious value for the vapour, viz. 0,19. The two series of 
observations, therefore, cover each other entirely. 

f. t= — 161°,23 = 111,86 abs. From this m = 0,7425, 3,424 m = 
= 2,542. Linear interpolation gives p= 7,4332, «= 0,1549. 


d n AW BE5 aA ta 82) 2 


di = 2.3063 | 0.434 |! 26.75 | 0,095 || 0.339 (lig) 


dy = 0.07014 \ 14.257 0.1795 | 14.167 || 0.090(v.) 


| 
2, begins to be more and more impossible. We point out that 
when f— 1 is taken not-—5, but e.g. =—=4,95, the value 
Bj, does not appreciably change: 0,339 then becomes 0,338. But 
2, would then become still smaller, viz. 0,07 instead of 0,09 5. 
1) If p=7,58 instead of = 7,43, so « = 0,158 instead of = 0,155, we should 
also have found 0,34 for the value of B in the vapour, the same value at 


least as that for the liquid. (Also the assumption ©, = 0,C366 instead of 0,0372 
might lead to the desired purpose). 
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g. t=—175°,39 = 97,70 abs. Hence m — 0,6485, 3,424 m = 2,221. 
The value of ¢ interpolated from — log’ «= ete. with f= 2,322, 
gives ¢ = 0,05518. 


d, = 2.4960 | 0.401 


31.21 | 0.071 || 0.329(Lig.). 
dy = 0.02745 | 3643 || 0.05894| 37.67 —1.241(0,) 


Can the clue to the singular behaviour of the vapour perhaps be 
found in this that Crommerin has not determined the vapour densi- 
ties directly, but that he has calculated them from the law of Borre ? 
With a too small value of n one naturally gets then a too slight 
value of 2 from @ =n — (3,424 m:e. Then no association need of 
course be assumed in the vapour, and the impossible values of 2, 
below 7% are at once accounted for. The found values of 2, would 
then be quite worthless. The question is therefore: where has 
CROMMELIN begun not to determine the given values of the vapour 
density directly, but to calcutate them from the (not yet valid) law 
of Boys ? *) 

h. t= —183°,15=89,94 abs. Here m—0,5970, 3,424 m = 2,044. 
From log"e=etc. we find the value e— 0,02742 (p = 1,3162) 
with 7 = 2,314. 


d | n | é+5a2 | nf | B 


d, = 2.589 | 0.386 | 33.53 | 0.061 0.325 (Lig) 


dy = 0.01509 66.26 | 0.02856 | 11.57 ||--5.31! (0) 


We point out that the liquid value duly decreases gradually, and 
is still higher than 8, = 0,29 at 7’ = 90 (absolute). So there is nothing 
impossible here *). 


1) Otherwise p= 2,78 would have to be taken here instead of 2,64, hence 
e= 0,058 instead of 0,055; or else 9, should be assumed somewhat smaller, in 
order to find at least the value 0,33 (that of the liquid) for Byanour 

2) A rise of p to 1,44 instead of 1,32 (s to 0,030 instead of 0,0274) — or else a 
diminution of o, from 0,6080 to 0,0075 — might reduce 6, to 0,33 here. The 
first supposition is impossible, for then the value of p at — 183°,15 would be 
greater than at 1839,01, where 1,34 was found. But a diminution of 0, by 6%, 
in consequence of an erroneous calculation of v, (probably from the law of Boyte) 
is very well possible. 
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Summarizing, we get the following survey for the region of coexistence. 


m | 0.98 0.94 0.91 0.88 0.81 0.74 0.65 0.60 


Buig, 039 0.37 0.37 0.36 0.35 0.34 0.33 0.325 


Bv. 0.42 0.38 0.32? 0.23? 0.20? 0.09? —1.24? —5.3? 


At the lowest temperature, viz. ¢= 89,94 abs., y would be about 
0,688, and @, accordingly 0,393, 8, = 8, X 1,389 = 0,397, so that 
2 ranges from about 0,40 to about 0,29. The liquid value 0,325 at 
n= 0,4 can be in harmony with this. 

In order to examine whether the values of 8, also agree quan- 
titatively with our theory, we will in the first place indicate for the 
different values of 7(m) the corresponding values of „ and y (calcu- 
lated from 2y — 1 = 0,038 / 7). Besides the value of v :v, =v : bj = 
== ie Bis seiven.i( =d A85): 


m | 0.98 0.94 0.91 0.88 0.81 0.74 0.65 0.60 0 
n 0.687 0.580 0.545 0.513 0.466 0.434 0.401 0.386 | 0.286 

tf 0.731 0.726 0.723 0.719 0.710 0.702 0.693 0.688 | 0.5 

Die Dj 2540) 208° 4201 TOB ete AEO LS | 1 

hencep:g| 1.33. -1.24..1.215 118, 244 2. 81-908 » 1-07 1 
B calc. | 0.381 0.356 0.348 0.338 0.326 0.318 0.309 0.306 | 0.286 
Afound| 0.394 0.373 0.366 0.358 0.347 0. 39 0.329 0.325 (0.305) 


The values 8:8, = 6:6, have been calculated from the tables of 
§ 16, viz. from those for y= 0,75 and y=0,70. We have inter- 
polated for the values of y given in the above table. On an average 
the found values of @ are 6°/, higher than the values calculated 
from our formula (30). If 8, =0,30° were taken instead of 0,28°, 
the agreement would have been perfect. In connection with this it 
is remarkable that the difference between B found and Bar. amounts 
almost constantly to 0,018 or 0,019. The course of the g-values is 
therefore perfectly identical with the course calculated from our 
formula ; identity in the nwmerical values may be obtained by simple 
change of 8, from 0,28° to 0,380°. 
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In fact, something is to be said in favour of this. In § 17 we 
namely calculated the value of @, from 2y = bz: b,= @x:/2,, so 
that 2, = 2:27 = 0,429:1,5 became = 0,286. But in this it is 
assumed that the direction of the straight diameter remains the same 
down to the absolute zero point — which (as we already observed 
at the conclusion of § 14 (III p. 1051) cannot be the case. On the 
contrary the coefficient of direction will approach to about 0,5 for 
all substances at low temperatures. It follows from this that the 
value of the liquid density at 7’=0, viz. 9,, which is extrapolated 
from the direction of the so-called straight diameter (at the critical 
point), will always be too great, hence v, too small, and also b, =v, 
too small. Accordingly also the value of 2, ==b,:v; will be found 
too smali, when the inadmissible extrapolation is performed. 

The real value of 4,, occurring in our formtla (30) for 6 = fw), 
will therefore be always greater than that which occurs in our 
relations found in I (which are valid at the critical temperature). 
For the calculations of the real ,, in order to test our formula 
(30) by the observations, the calculation from @, = 4; : 2y; (which 
is based on this extrapolation’ has therefore to be rejected. 

The above table need, therefore, give no occasion to conclude to 
any deviation with respect to the calculated and the found values 
of 2; the more so as the course is perfectly the same, in consequence 
of the fact that in the relation (80) not b, but b—b, occurs, so that 
through simple increase of 2 to 0,305 the found values of b—b,, 
resp. B— 8, will agree perfectly with the values of 8— , calculated 
from our formula. 


Remark. We saw that the found values of 3, from the unsaturated 
gas state ($ 17) were all found too great for values of m>1; for 
values of m<1 all too small i.e. larger or smaller than the values 
of 8, or By calculated from our formulae. Also in the region of 
coexistence (m< 1) we found values for 8, which are all too small, 
nay even negative, hence impossible. Now the too small values may 
be easily accounted for either by association in the vapour at low 
temperatures, or through a faulty method of calculation of 8, from 
the law of Borrr (see above). But the too large values of @, at 
m >> 1 cannot be accounted for in this way. 

It is, however, remarkable, that those too large values of 3, at 
m<1, combined with the lquad values at m <1, seem to obey 
the relation 


g= 04 Vm 


pretty well, as appears from the table on the next page. 
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m= 1.95 1.43 1.13 1.04 1.01 | 0.98 0.94 0.91 0.88 0.81 0.74 6.65 0.60 
Vm= 1.40 1.20 1.06 1.02 1.005 | 0.99 0.97 0.954 0.94 0.90 0.86 0.806 0.775 
0.4 Vm= 0.56 0.48 0.42 0.41 0.40 | 0.40 0.39 0.38 0.38 0.36 0.34 0.32 0.31 


2 found 0.55 0.51 0.45 0.43 0.42 | 0.39 0.37 0.37 0.36 0.35 0.34 0.33 0.325 


The values on the lefthand side of the dividing line might have 
a somewhat higher factor, viz. 0,42; those on the righthand side of 
the line (the liquid values) a somewhat smaller factor, e.g. 0,39. 

Yet this relation can hardly satisfy for several reasons. First because 
the formula P=0,4Vm would yield too large values of By for 
larger values of m; it is at least inconceivable that the increase of 
b, with the temperature will continue indefinitely. But secondly the 
variability with v would disappear through this consideration, and 
only dependence on 7’ would be assumed. It would then be quite 
indifferent, whether 6 was considered at large or at very small 
volumes. That this, however, is entirely impossible, is at once seen 
when we bear in mind that only by the assumption 6 = /(v) we 
duly get r<3, s>°/,, and /’ >4! Only for “ideal” substances, 
i.e. at the absolute zero point, can b be independent of the volume. 

Other relations could also be derived, among others between the 
found values of 8, n—, and m'), but they may also be due to 
chance. We shall, therefore, no longer dwell upon them. 


19. The characteristic function. 

It is known that for “ordinary” substances the value of the 
“characteristic” function @, i.e. 
fl « 
fel dd," 


p= 


: : > m décoex. … 
inergich, p= eh not constantly = 1 — as would have to 
é iit 


be the case, when a or 5 should either not depend on 7’ or only 
linearly — but with diminishing m increases from 1 to about 1,4 
at m=0,6, with about 1,5 as probable limiting value when m 
approaches to 0. See vaN DER Waars, and also my Paper in These 
Proc. of 25 April 1912, p. 1099—1101, in which it appeared that 
~ =1-+ 6,8 (1—m) can be put in the neighbourhood of the critical 
point. (loc. cit. p. 1101). 


1) When e.g. in the region of coexistence for the different values of m we write 


the corresponding values of » and n— 8, Ae appears to be about constant, 


A —) 
viz. +0,23. 
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se oe \ Oa 
For this it is however required that either —~{ — |} — 6,8, or 
Om? \ az] i 


2 
(5) = —6,5. (Cf. These Proc. of 3 Sept. 1913, p. 56 and 57). 
m? \ by] i 

It is now certainly interesting to consider bow this will be for a 
substance as Argon, where 77 is not 0,9, but 0,75. 

For the calculation of the values of / I had to make use of 
RanktneE—BPosr’s interpolation formula drawn up by CROMMELIN and 
treated already above (§ 18). This gives, indeed, the much too low 
value 5,628 instead of 6 for #7, but as also the following values of 
f will possibly be too small in the same degree, there is a chance 
that the value of the ratio (f—1):(/,—1) will not differ too 
much from reality. We then find the following table. 


It is certainly remarkable that it would follow from the found 


oy 
values of p that here too fe would be about — 7, just as for 
m/ i. 


dr 
ordinary substances as Fluorbenzene e.g. (see above). For (55) = 
m/ I, 
0,120 ree dee : 
= — 0,0181 = — 6,63 (whereas it is — 6,8 for C,H,F). But on this 


head little can be said with certainty, as we have too few observations 
in the immediate neighbourhood of 7% at our disposal. 

The limiting value for m=0,6 is now, however, much lower, 
namely about 1,23 against 1,41 for ordinary substances. Now for 
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C,H,F the value of yz is = 0,95; hence by: b, = 2yx.=— 1,90, and 
(bier OD 1,06 = 2,01, whereas 2,01 = 1,42. Further for 
Argon == 0,75, hence dy: 6,—=1,50 and (bj:6,%.= 1,49 X1,018 
(See TI, p. 936) = 1,516, whereas V 1,516 = 1,231) 

It follows from this that with great accuracy 


may be written for the limiting value at low temperature of the 
characteristic function g. 

It is therefore again only for “ideal” substances (6 = const.) that 
g, = 1, and hence ¢ continually —=1 from 7} (then = 0) to the 
absolute zero. But for all the other substances the value of p will 
increase from 1 to a limiting value, which will depend on the 
degree of variability of 6. 

As according to (36) (6,—6,),: 6, = 2y’ — 1= 0,041 V 7; (see III 
§ 15), we have also: 


pi, EON ie a oe oe eee ae 


We shall not enter any further into this subject, leaving it for a 
possible later discussion. 

In conclusion we shall just repeat what we have already remarked 
in I, p. 820, that the temperature dependence at extremely low 
temperatures, where the departures from the equipartition law make 
themselves felt, undergo a modification. But we shall not enter into 
this any further either, and we only mention that for Argon the 
departures from the said law fall entirely within the errors of ob- 
servation even at 90° absolute (the lowest temperature at which 
observations have been made). Besides, at those extremely low tem- 
peratures all substances will probably have passed into the solid 
state, and this state is controlled by other laws than the liquid and 
the gaseous state, for which our considerations exclusively hold. 


20. Conclusion. Though there are still many questions to be 
answered, and many difficulties left, we may already conclude in 
virtue of the foregoing to this: 

1. The quantity a of vaN DER Waars’ equation of state seems 
within a large range not to depend on the density, so that the 


a 
, both in the gaseous 


9 
2 


molecular attraction can be represented by 


and in the liquid state. '). 


1) Gf. also the conclusions in a paper by Tyrer in the just published number 
of the Zeitschr. f. Ph. Ch. (87, Heft 2) p. 195. 
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2. Whether the quantity @ is also independent of the tempe- 
rature, cannot be stated with perfect certainty yet. For as I think 
I have fully set forth in my Communications of These Proc. of 25 
April 1912 (p. 1091 —1106) and particularly of 3 Sept. 1913 (44—59), 


Ba Sore 0° 
the assumption of a large value either of a jer of — {| — 
Vk 


(see p. 56—57 loc. cit.) is necessary for the explanation of the 
course of the characteristic function p (see $19). And as, accord- 


ing to the above, 6, is, indeed, variable with the temperature, but 
2 


or 


Ò°b 
probably not so much that i ) gets the required value, besides 
k 


6 possibly also « might depend on the temperature. Only a separate 
investigation can furnish certainty about this. 

3. The quantity 6 depends both on v and on 7. The way in 
which 5 depends on v — which is expressed by a formula of the 
form (see II p. 931 et seq., HI p. 1048, formula (29)| 


deden) 
een eee 
b,—b, ®e 
in which «= (b—4,):(v—»v,), and n depends on the quantity y, 
which is in connection with 6,: 4, — leads us to suspect that the 
variability of 6 is possibly chiefly a real change after all, caused 
by the action of the pressure p + “/,2 and of the temperature, in an 
analogous way to that which van per Waats had in mind when 
drawing up his “equation of state of the molecule”, with which the 
above expression shows a close resemblance. | cf. also II p. 930— 931 
(23 April 1914)]. Particularly also with regard to the temperatare 
dependence, viz. [see III p. 1051—1053, formulae (35) to (36) | 
babe 
ei 
this agreement is remarkable. But whereas vaN DER WAALS’ two 
exponents 7» are different, our two exponents are the same — and 
dependent on 7, i.e. on 7’, so that n can vary from 3'/, (for y = 1) 
to oo (for y=7/,,. ie. 7 =O), as has been set forth in II, p. 935. 
4. It seems to be unnecessary to ascribe the change of to “quasi 
association’. It might namely be assumed that the complex mole- 
cules possess another volume than the simple ones, and from this a 
relation b= /(v) might be calculated — according to the known 
thermodynamic relations which indicate the degree of complexity as 
function of v and 7. RT is then however multiplied by another factor 
which depends on the degree of association. 
What van per Waats has treated in that sense on p. 1076 of 


— Wy A — 0,04 //T, 


0 
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his Paper in These Proc. of 25 Jan. 1918 (published March 18), 
had then already been treated very fully in a series of four papers, 
written by me at Clarens 1911—1912 (On the variability of + ete. ; 
see These Proc. of 26 Oct., 22 Nov. 1911; 24 Jan., 22 Febr. 1912). 
That a good deal may be attained in this way can sufficiently appear 
from these Papers. That difficulties present themselves of the same 
nature as have been advanced by van per WaaLs on p. 1076 at the 
bottom (loc. cit, has also appeared at the end of the 4% Paper 
(p. 716 et seq.). 

In any case it is a kind of relief that according to all that proceeds 
the assumption of quasi association does not seem absolutely necessary. 
The change namely of 5 with v and 7’ can very well be explained 
by other influences. 

5. That 6, gradually decreases with the temperature, so that 6, 
would coincide with 6, at 7'=0, and accordingly the variability of 


0 


6 would have quite disappeared — in consequence of which we 
approach more and more to the ideal equation of state with constant 
6, on approaching the absolute zero — this points to the invalidity 


of the kinetic assumption, that for very large volume (for 6, only 
refers to large volumes) i.e. in ideal gas state, b, would be = 40,. 
For according to the well known kinetic derivation, 6, would then 
still be = 46, at the lowest temperatures, whereas it has clearly 
appeared that b, approaches more and more to hb, at low tempera- 
tures. Compare particularly II p. 1051, formula (85) and the sub- 
sequent eloquent table. 

6. Thus after all it would prove true what I wrote in I p. 809 
(These Proc. of 26 March 1914), that namely in v_—b the quantity 
b always refers to the real volume of the molecules m and is not 
= 4m, as the kinetic theory would lead us to assume. And in this 
way the difficulty, which I emphatically pointed out in H, p. 925 
(at the bottom)—926, would have naturally vanished. 

So it is getting more and more probable that the so-called quasi 
diminution of 4 does not exist, and that there remains only real 
diminution, which is represented by a formula of the form (29), as 
far as the dependence on v is concerned, and by a formula of the 
form (36), as far as the dependence on 7’ is concerned. 

Why the earlier kinetic assumption 6, = dm is really a fiction, 
and what circumstance has been overlooked then — this I shall 
demonstrate in a separate Communication. 

It will then have become clear that only v—m, and not v—4mn 
determines the thermic pressure — which becomes already probable 
when the kinetic energy of the moving molecules is thought to be 
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uniformly absorbed by the surrounding medium (see p. 809 of I, 
already cited above). 

7. Hence at bottom the whole thermic behaviour of a substance 
does not depend on/y on the two quantities a and 5, which deter- 
mine the critical quantities, which in their turn govern the law of 
the corresponding states — in such a way that all the substances 
behave correspondingly when they are only considered in equal 
multiples or sub-divisions of their critical temperature and critical 
pressure, but also (and the deviations from the said law are governed 
by this) on the absolute height of the temperature, at which the 
substance is considered. According to (36) every substance passes 
namely through the different types — characterised by the variable 
ratio b,:6,, from the type of the “ordinary” substances, where 
bh, = 6, is about 1,8 (y= 0,9) to the type of the “ideal” substances, 
where 6,is—=6, (y='/,) — when we descend from the ordinary 
temperatures to the absolute zero point (see the tables in I, p. 819 
and ITI p. 1052). 

The individuality of the different substances, which they continue 
to preserve within the region of the Law of the Corresponding States, 
is therefore entirely determined by the rea/ height of the (absolute) 
temperature. 

Hydrogen at 323° absolute (7=107%) will e.g. on the whole 
(Law of Corresponding States) exhibit the same behaviour as Helium 
at 52° absolute (7 also = 107%) — but H, will show a value of 
about 1,7 for the ratio h,:b, at that higher temperature, while He 
at the same “corresponding” temperature shows a value of about 
1,2 for that ratio. 

For ve: bp we shall find about 2,7 for Hydrogen and Helium at 
their critical temperature, while vx: Dj, = 2,1 is found for an ordinary 
substance at its critical temperature. Ete. Ete. 

And this may suffice for the present. I hope to come back to 
some separate problems later on, which are still awaiting solution. 
I may mention: the temperature dependence of f (see I, p. 811), 
the change of direction of the “straight” diameter from 7% to very 
low temperatures (III p.1051), the form of the vapour-pressure 
equation p= /(7), the dependence of the densities of liquid and 
vapour on the temperature (in connection with the problem of the 
direction of the straight diameter); and finally the course of the 
characteristic function in its dependence on 7’. 

But the very first point that will be elucidated in a following 
Paper is the circumstance mentioned under 6 of the conclusions, 
that 4, cannot possibly be = 4m. 

Fontanivent sur Clarens, April 1914. 
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Physics. — “Modern electromagnets, especially for surgical and 
metallurgie practice.’ By H. pv Bois. (Communication from 
the Bosscua-Laboratory). 


(Communicated in the meeting of May 30, 1914). 


Carrying-Magnets. The lifting-power of the famous steel magnets 
of LoGrmaN and vaN WertereN, has for a long time belonged to the 
somewhat antiquated subjects. However, traction-electromagnets are 
now being much more used in different forms, especially for loading 
and transportation purposes. 

In general we may say, that for such magnets with armatures at 
a very small distance Maxwerr’s well-known law holds; accordingly 
%?/8a measures the carrying-power per unit cross-section of an 
almost closed magnetic circuit. Prof. TarLor Jones has entirely 
confirmed this by experiment in the Bosscra-Laboratory. The mag- 
netic balance as a measuring instrument is equally based upon this 
fundamental law. Electro-magnetic brakes on this principle are also 
being more and more used. 


Hield-Magnets are of more interest for a variety of scientific and 
practical purposes. In these Proceedings a description was given of 
semicircular magnets’), one of which, weighing 350 kg. with an 
interferrum of 3 X 0,5 mm. gave a uniform field of 59 Kilogauss, 
while using only a few Kilowatts. With a cryomagnetic “immersion- 
armature” in a liquid gas at low temperature this reduces to 45 
Kilogauss. With the heaviest type weighing four times more (1400 kg.) 
we may cet. par. expect no larger increase than 10°/, , thus reaching 
65 and 50 Kilogauss respectively. Until now these field values have 
not been superseded, no more than the Haarlem magnets were. 
For the investigation of several highly interesting problems they are 
absolutely necessary. 

With regard to so small a rise of the field however it requires 
due consideration whether a further increase of the size of the magnets 
appears justifiable. For while the weight increases as the third power 
of the linear dimension, thus becoming quite unwieldy, the field 
rises logarithmically only, which means a great disadvantage. In fact 
for a given field we practically obtain only a larger interferrum. 
However convenient this may be, it is questionable whether it justifies 
the very high expense which gradually begins to surpass an average 
laboratory-budget. 


') H. pu Bors, These Proceedings 12 p. 189, 1909; 13 p. 386, 1910. 
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The results mentioned are partly due to concentration of the 
Ampere-turns near the air-gap and also to careful calculation and 


design of all details; the theory of polar armatures ') communicated 
to the Academy, contributed its share to the result. 


Intestinal magnets. Incidentically the formulae for attractory arma- 
tures were also given in the paper referred to. They show, that the 
attraction of saturated ferromagnetic particles is a maximum for cones 
with a semi-angle of 39°14’, and for prisms of 30°; for non- 
saturated ferromagnetic or for paramagnetic substances these angles 
are 42°11’, and 32°8’ respectively. According to the principle of 
Farapay and Kervin the attraction is determined by the gradient of 
the first [second] power of the intensity of the field for the first 
[second] group of substances. 

Some time ago Prof. Payr’) proposed a magnetic diagnosis, 
prophylaxis and eure of peritoneal adhesions and similar deviations. 
For. this purpose a ferromagnetic intestinal filling is introduced either 
per os or per rectum. Then magnetic force is applied from outside 
without the necessity of more or less dangerous laparotomy. At the 
request of this well-known surgeon I was glad to collaborate in the 
attempt towards a practical solution of this peculiar attractton-problem ; 
for a rational treatment of it the above-mentioned armature-theory is 
absolutely necessary. The existence of an indifferent intermediate 
zone and the necessity for exciting large attractive forces only beyond 
this, characterizes this particular question. 

The ordinary type has a core of high permeability (of 12 cm. 
thickness and 40 em. length). It is somewhat concave at one end and 
thus fits the average form of the human body. In the paper referred 
to the formula is given for , 0/dx and 0?.)/dz? on the z-axis 
for the case of a segmental spherical armature and for that of a 
concave paraboloid of revolution. For the latter case it was shown 
that a certain distance not before a maximum of the field was reached. 
In this “neutral” point the gradient is zero and therefore the attraction 
also vanisbes; the latter then inereases, reaches a maximum and de- 
creases again gradually. This distribution of the field is favoured by 
the higher magnetisation at the periphery of the core compared with 
that of the centre, which makes this case similar to that of hollow 
cores. In the outset I even used a core with a conical bore in 
order to allow an eventual radiologic transmission through it; this 
however proved later on to be practically unnecessary. A central 


1) H. pu Bois, These Proceedings 15 p. 330, 1912. 
2) E. Parr, Münch. med. Wochenschr. 60 p. 2601, 1913. 
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filling of the core with a substance of higher permeability might be 
made to compensate the distribution of the field above described. 
In our case however this very topography of the field is desired ; 
for it is within the peritoneum only and not in the surrounding 
layer (the thickness of which individually varies from 2 em. to 10 em. 
and even more) that an attraction may be usefully exerted. Towards 
its other end the core gradually becomes thicker and the end is 
formed by a flange in order to decrease the magnetic reluctance ; 
the counter-action of this pole compared with the attraction of the 
working pole is negligeable. 

The coils are wound with enamelled copper wire or with oxydized 
square aluminium wire the thickness of which increases by steps 
from the working pole towards the other end. This principle is 
well-known for galvanometers and has also found partial application 
in my semicircular magnets. The increased efficiency of the “polar 
windings” must necessarily cause a greater heating effect which may be 
counter-acted by water circulation. 

Until now this precaution proved unnecessary, the more so because 
too cold iron may cause undesirable vasomotoric reflexes of the 
patient. The front flange of the coils is conical, in order not to be 
in the way of the operator’s eyes and hands; it may be provided 
with a corrugated peripheric radiator. The use of alternating currents 
is not advisable; but a pulsating current may be caused by periodic 
short-circuiting of the magnet, while a non-inductive resistance remains 
switcbed in the circuit. The relaxation-time is a few seconds; by 
exciting the polar coil only it may be diminished to a few tenths 
of a second; when pulsations are often to be applied, it is advisable 
to use a subdivided core. 

In order to reduce the weight as much as possible the core onght 
to be saturated only to °/, or ‘/,;. A minimum total weight is 
obtained for a dimensional ratio’) between 3 and 4; then the power 
required is only little above its minimum value; it amounts at most 
to 4 K.-watt, for most operations it is considerably less; and con- 
sidering the short duration of an operation the energy consumed 
(K.-watt-hours) is but very small. The magnet weighs about 100 kg. 
and is suspended by a kind-of crane above the operation table, in 
such a way that its 6 degrees of freedom may be disposed. of, i. e. 
a displacement along the vertical and a rotation around it, and the 
same for two horizontal axes parallel to the body of the patient 
and normal to it. Below the patient the R6nrGEN-tube is placed, as 

') Calculated from the demagnetizing factors for short cores, as measured by 
©. P. THompson and E. W. Moss, Proc. Phys. Soc. Lond, 21, p. 622, 1909. 
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far as possible from the magnet, in order to diminish its deviating 
action on the cathode rays’). In some cases the patient may be 
treated while standing, which is much simpler. 

Deep-seated intestines (7—20 em. under the skin) are treated 
without pole-shoes. For those lying nearer the skin, the following 
pole-shoes are used which may be made of a highly saturated, 
polished and nickeled, substance, such as ferrocobalt. 

1. A “drawing-pole” in the form of a truncated cone with a semi- 
angle of 40°; the attraction is strongest in the apex of the cone. 
The contents of the intestines may be first drawn towards a par- 
ticular spot and then attracted towards the magnet. 

2. A prismatic pole with a semi-angle of 32° for the treatment 
of longer intestinal sections. 

3. An unsymmetrie hoof-shaped “dragging-pole” for applying force 
parallel to the peritoneum. Starting from the above-mentioned principle 
it may be shown that a maximum gradient of ? is reached when 
the narrow pole front forms an angle « = 65°54’ = tg-1V5 with 
the direction of dragging. For a very long prism on the other hand 
it ought to be a = 60° = tg—'V’3. In this way the best adapted shape 
of the pole-shoe may be determined, also fitting the cylindric core. 
For special purposes pole-shoes of various shapes may be designed. 

The forces used bere have often been measured with small iron 
test-spheres. The force component is 


v denoting the volume, 7 the radius, there being no question of 
saturation. This expression is quite independent of the nature of the 
substance if only this is not too weakly ferromagnetic. The force, 
expressed as a multiple of the weight G of the test-sphere will be 
greater, the smaller the density of the latter. The value F/G = 1 
corresponds to the case that at a certain distance under the magnet 
the sphere is just being prevented from falling down. Considering 
this, spheres were made of magnetite (7,0, = ferroferrite = ferr. 
oxyd. oxydulat. nigrum.) which quite fulfilled my expectations. Best 
of all proved small spheres of 1 cm. diameter of /',O,-powder 
mixed with a little mucilage and some light neutral powder; generally 


1) The Réntaen-tube is moved by the foot of the operator. The deviation of 
the cathode-current is proportional to its own strength, the value of the field at 
that place and the sine of the angle between these two directions; these three 
quantities ought to have low values. An iron-clad RönrtaeN-tube might prove useful; 
but sparking constitutes rather a difficully. In some cases a compensating coil 
near the cathode rays may be arranged. 
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these were used as test-spheres. This substance which fulfils all 
magnetic conditions is also to be recommended from a clinical point 
of view; it is neither poisonous nor soluble; it does not rust nor 
causes hydrogen to develop; it is not resorbed and hardly irritates 
the mucuous membrane. It gives good RÖNTGEN-contrasts, even without 
addition of bismuth carbonate and it is more satisfactory than ferram 
reductum pulverisatum; it is the principal ingredient of the emulsions, 
which are given per os or per anum, the prescriptions of which 
vary in practice. On this point and on the very satisfactory surgical 
results I need hardly give full details. The following will suffice *). 

The operative conditions were fulfilled and even surpassed. The 
practice gained with a number of patients led towards a reliable 
diagnosis of the normal or abnormal mobility of the intestines and 
of adhesions and their exact place. It was often managed to stretch 
and to raise them carefully either in the stage of fibrous adherence 
or even in that of lasting mutual connexion. Of course reliable 
statistics of the results cannot be obtained until later. The treatment 
may have a great effect on the position of the intestines or of their 
special sections; such a locomotion highly influences the peristaltic 
function; this ought to be especially the case with pulsating magnetic 
fields of smaller or greater frequency up to about 10 or 20 per 
second and of different form of pulsation-curve. 

The accelarated or retarded displacement of intestinal substance 
containing ferromagnetic ingredients; the dragging of this into organs, 
which are too deeply seated to be reached in any other way, especially 
the appendix, with a view to radiologic diagnosis, the turning and 
loosening of intestinal slings remain subjects for further research. 
The principal advantages of this method are its localisation on a 
special part of the intestines, the precise regulation of the displace- 
ment, the easy dosing of the effect by regulating pole distance and 
current and the simultaneous radiologic examination. 

In order to determine the topography of the field for various distan- 
ces and currents, it was fixed by iron filings, with or without pole- 
shoes and if necessary it was measured with a standardized test-coil. 
Advancing along the axis, from the start at the concave pole front 
a minimum of the field is first met, then a maximum. To these cor- 
respond theoretically a transverse maximum and minimum respecti- 
vely, and also an unstable and a stable zero-point of attraction. This is 
easily shown with a test-sphere in an axial glass tube, which is seen 
to remain suspended in that very point. With a plane pole front 
such singularities do not appear. 

') See also E. Parr, Ber. D. chirurg. Congress, Berlin April 1914. 
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The attraction of a number of test-spheres or pills was measured 
under different circumstances with a spring-balance; its maximum 
was found at a distance of 4—5 cm. and amounts up to 25-fold 
weight; the greatest “carrying distance” is 22 cm, for test cylinders 
even more. For a round drawing-pole the maximum was found at 
2 or 3 cm. and reaches 50-fold weight; at distances greater than 
7 em. the attraction becomes smaller than that observed without 
the use of a pole-shoe. The coils were constructed in such a way 
that their purely electrodynamie attraction, which is determined by 
the square of the current, contributes considerably to the total force. 
With a dragging-pole a transverse force is obtained up to 25-fold 
weight at a distance of 2,5 cm. 

Though for our purpose the type described proved amply sufficient, 
it appears however interesting to study the properties of a similarly 
enlarged or reduced instrument. If the linear dimensions be n-fold 
the weight of the iron varies as n°, that of the copper as n° (or as 
n°, depending on the mode of winding), tle kilowatts consumed as 
n (or respectively as *), the attraction of non-saturated particles at 
a given distance however nearly as n°. This 4 power (in fact 
about the 3,7) is evidently very favourable, especially as compared 
with the above-mentioned very uneconomical logarithmic progression 
for field-magnets. We may safely predict that it will be possible to 
produce any necessary force with magnets which do not yet become 
unmanageable and the cost of which will hardly prove a serious 
obstacle in this case, where life and health of the patients may be 
at stake. 


Extracting magnets. In this way it ought to be possible to move 
about ferromagnetic probes brought into the body on purpose or to 
extract undesirable objects, such as steel bullet shells, broken needles 
or injection-syringes and various iron or nickel objects, which are 
daily met with in the surgery of accidents. 

Also an effect on other organs, less soft than the intestines may 
be thought of. It has long been known that all tissues are diamagnetic; 
FARADAY already showed that this is also the case with blood; the 
iron atoms in haemoglobine are bound in such a way that no para- 
magnetism occurs, no more than e.g. for potassium ferrocyanide. 
Prücker *) showed that a magnet repels the red blood globules 
relatively to the serum. It is moreover also known that the flow of 
diamagnetic liquids through tubes and their dropping may be con- 


1) A. Prücker, Pogg. Ann. 73 p. 576, 1848. 
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siderably influenced under special circumstances by very strong 
fields *). 

3y putting n< J the effect of reducing the dimensions is at once 
evident; this is interesting with a view to the design of the usual 
ophtalmic magnets which may also be improved by the above calcu- 
lations and experiences; the maximum distance in this case is not 
more than 2,5 cm, A type is now being made of 8,5 cm. diameter 
of core, serving the double purpose of an intestinal magnet of less 
strength than the above and at the same time of a very powerful 
ophtalmie electromagnet. . 


Ore separators have long been applied in metallurgy to separate 
unmagnetie from ferromagnetic or only paramagnetic powdered ove 
by the dry or the wet method. These apparatus are variously con- 
structed; the principal magnetic organ is however essential and 
common to them all and is a more or less finely ribbed polar arma- 
ture. The best cross-section for a definite mean size of the grains 
may be determined by means of the theory above-mentioned for a 
prism semi-angle between 30° and 32°8’. 


Mineralogy. — “On the Tin of the Island of flores.” By Prof. 
Dr. A. WICHMANN. 


(Communicated in the meeting of June 27, 1914). « 


During the last decenniums very contradictory answers were given 
to the question regarding the occurrence of tin-ore in the Isl and 
of Flores. The fact that the solution of this question does not only 
regard the interests of a mining-scientifical nature, but is likewise 
very interesting from a mineralogical and geological point of view 
may justify the attempt of elucidating this subject. 

In the first place we have to bring into remembrance the fact, 

the Sunda Islands the older geological formations gradually 

err if we move in that range of islands in an _ easterly 

ion, till — beginning from Bali — only neogenic and pleisto- 

cenic sediments are found, and at the same time tertiary and post- 

tertiary eruptive rocks with their tufas begin to play a predominant 

part. The question rises then: Does Flores make an exception to 

this rule and do we find in this island remains of ancient granite 

stoeks, accompanied by deposits of tin, or are all the reports regarding 
the occurrence of this ore only of a legendary nature ? 


') O. LreBkNecHT and A. P. Wis, Ann. d. Phys. 1 p. 183, 1900. W. J. pe Haas 
and P. DRAPIER, Ann, d. Phys. 42 p. 677, 1913. 
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The first report originates from J. P. Frryss, who wrote on account 
of his information received in 1856 in Manggarai (West Flores). 
“In the mountains of Rokka at Sui Tui‘) gold is found, whilst 
“Mount Aspana produces tin *)”. 

In 1866 a resolution was taken by the Governor General L. A. 
J. W. Baron Storr vaN De Bree “to send a trustworthy functionary 
“to the isle of Flores in order to investigate if on the south-coast 
“of this island in the neighbourhood of the village of Rokka tin 
“js found”. It is unknown whether the resolution (of January the 
15'2 N°. 3) was ever put into execution‘). 

Five years afterwards J. A. vaN DER Chijs fixed the attention to 
the fact, “that every year a rather considerable quantity of arm- 
“and leg-rings made of tin and of a rude construction was exported 
“from the district of Rokka, situated on the south-coast of the isle 
“of Flores” *). The Indian Government having been requested to 
order the controller S. Roos, established in the isle of Sumba, to 
make an investigation whether in reality tin occurred in Flores, a 
resolution was taken to this effect November the 13 1871 N°. 3, 
and the Board of Directors of the Soeiety of Industry and Agricul- 
ture received a short time after from the above-mentioned functionary 
“a few specimens of tin-ore from Masara’”. ~ 

According to the investigation which was entrusted to C. pu 
GAVERE, the mineral in question was pyrites*). In the mean time 
the Governor General Pinter Maer had authorised, by resolution 
of April the 18% 1872 N°. 59, the resident of Timor to send an 
expert to Rokka “that he might convince himself on the spot, in 
“how far tin-ore is dug up and melted there, and at the same time 
“to collect some specimens of ore and rocks” ©). This investigation 
had neither any result, for, as was reported, the native chief‘) — 
this was the expert — “had until now, on account of ill health and 


1) The place is called Sui (manggaraish) or Tui (endehneish) and is situated on 
the west-side of the Aiméré bay. There can be no question of the occurrence of 
gold there, for behind that place rises the extinct vuleano Komba. 

2) Reizen naar Mangarai en Lombok in 1854—56, Tijdschr. voor Ind. Taal-, 
Land- en Volkenkunde. 9. Batavia 1860, p. 507. 

8) Koloniaal Verslag van 18.1, p. 29. 

4) Tijdschr. voor Nijverheid en Landbouw in Ned. Ind. 16. Batavia 1871, p. 
158-159. 

5) Tijdschrift voor Nijverheid en Landbouw in Ned. Ind. 17. Batavia 1872, p. 184. 
21. 1877, p. 40—A41. 

6) As quoted 17. 1872, p. 385. 

1) He proved afterwards to be an Arab who had settled in Sumba. (Koloniaal 
Verslag van 1891, p. 28). 


476 


“the unfavourable disposition of the population of the island, not 
“vet fulfilled the order given to him. *) 

“A short time after S. Roos communicated the following inform- 
ation concerning tin. “The people of Rokka often sell on the shore 
“bracelets made of tin, but they do not allow anybody to visit 
“their village... The Endehnese admit as rather certain that much 
“tin-ore occurs in the ground of Rokka, but for fear of being mur- 
“dered they dare not venture into this village; this was likewise 
“the reason why nobody, even for ample payment, would accom- 
“pany me thither, so that I had to desist from the journey: It is 
“however known to me that proas of Endeh and likewise Chinese 
“of Kupang and persons of other places from time to time come 
“there to trade with the natives i.e. they anchor at Wai Wau or 
“at Aimeré and carry on their trade on the shore with the people 
“of Mangarai and with the inhabitants of the mountains, the latter 
“offering for sale a trifle e.g. a parang or a pair of bracelets made 
“of tin to the merchants. The bracelets are heavy, of rude work- 
“manship, more than a hand broad and are worn above the elbow.” *) 
According to J. G. F. Rieper the tin is collected in Liu and Langgi 
(read Langga) by the natives “in a mysterious manner.” *) 

Hitherto there had only been question of the supposed occurrence 
of tin in the district of Rokka, but in 1877 F. C. Hnynen wrote: 
“according to reliable reports a considerable quantity of tin is found 
“in the territory of the Rajah of Larantuka, somewhere in Flores... 
“the tin objects resembling silver gave lately to a traveller whom 
“we met in Flores, the conviction, that the tin there is of an excel- 
“lent quality.” *) 

A request made by L. P. pen Dekker d.d. Kupang July 1st 1882, 
but not granted, to obtain the permission of prospecting in Flores, 
the Solor and the Alor Islands fixed again the attention of Govern- 
ment to the tin. The mandate of trying to obtain, if possible, some 


') Verslag omtrent het Mijnwezen in Ned. Indié voor het jaar 1872. Jaarboek 
van het Mynw. in Ned. Indië, Amsterdam 1873. I, p. 327. — Koloniaal Verslag 
over 1873, p. 260. — Two years afterwards it was reported however that, on 
account of the distrust of the population, it could not be ascertained whether the 
territory of Rokka was really rich in tin. (Koloniaal Verslag van 1875, p. 26). 

*) lets over Endeh. Tijdschr. voor Ind. T. L. en Vk. 24. Batavia 1877, p. 515. 

°) The island of Flores or Pulau Bunga [sic.!]. Revue coloniale internationale 1. 
Amsterdam 1886, p. 66. 

') Het rijk van Larantoeka op het eiland Flores. Studiën op Godsdienstig, 
Wetenschappelijk en Letterkundig Gebied. 8, No. 6. ’s Hertogenbosch 1876, p. 34 —35. 
A. JACOBSEN described tin bracelets of East Flores (Reise in die Inselwelt des 
Banda-Meeres. Berlin 1896, p. 606—61). 
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of the tin objects originating from Rokka, given to the resident of 
Timor and to the magistrate of Larantuka was complied with. *) 

From the investigation made by H. Crermr it appeared that a 
tin bracelet contained lead, whilst a specimen of tin-ore was very 
ferruginous. *) 

The examination of some bullets led further to the result that they 
were not composed of tin, but chiefly of lead and zine with traces 
of tin, copper and iron. Should the “strongly ferruginous” ore be 
identical with the specimen “stroomtinerts van Oost-Flores’’, mentioned 
in the catalogue of the Mineralogical Collection of the Office of the 
Department of Mines at Batavia under N°. 3302 and really contain 
tin, then it is certainly not originating from this territory, where in 
several places titaniferous iron-ore but no tin is found. 

In consequence of the resolution of the Gevernor General O. vaN Rems 
of August the 5th 1887 N°. 4 the resident of Timor was authorised 
to order the magistrate E. F. KrrraAN to go to the district ot 
Rokka, situated on the south-coast of this island, in order to obtain 
reliable evidence about the occurrence of grounds containing tin-ore 
in the interior of the isle of Flores.*) Kieran had supposed that he 
would reach his aim by choosing as place of issue the village of 
Nanga Lian in the district of Toa * situated on the north-coast, where 
he landed the 12th of September. The 17 he marched to Nbai ?) 
(about 8°34’ S., 121°10’ E.), he was however decidedly refused to 
go further to Soa and Poma, the supposed finding-places of the 
tin-ore. An inhabitant of the mountain of the village of Dora told, 
that at a few days’ walk distance in a place called Watam Kadjan, 
situated between Poma and Soa, specimens of native tin were collected 
in the ravines, when the rainy season was over, ‘to make bracelets 
and other ornaments. After having returned to the coast on the 
19: he continued his journey as far as Rium on the’20. The 
Rajah here, however, did not know anything about tin, nor was he 
inclined to procure an interpreter or a guide for the journey to the 
interior. Without having attained bis end KrrraN returned home again 
to Kupang. 


1) Verslag van het’ Miynwezen in Ned.-Indië over het jaar 1882—83. Jaarboek 
van het Mijnwezen in Ned.-Ind. 12. 1884. Techn. en administr. ged, p. 376, 304. 

2) Bijdragen uit het scheikundig laboratorium van het hoofdbureau van het Mijn- 
wezen. Jaarboek van het Mijnw. 13. 1884. Wetensch. ged., p. 312. 

3) Koloniaal Verslag van 1891, p. 23. 

4) He had already paid a visit to this district in 1875. (Een voetreis over het 
oostelijk deel van Flores. Tijdschr. v. Ind. T. L. en Vk. 34. 1891, p. 530—532. 

5) Embai according to J. W. SrourJespiJK.. 
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When in 1888 two applications for concession were made, one 
by A. Lancen, who had received from a Chinese a specimen of granite 
and likewise a specimen of tin-ore, said to be originating from “the 
river Aspana’, and a second by R. vAN DEN BROEK!) with 4 others, 
who requested to be allowed to explore 100000 bouws (!), the 
Governor General C. PijNAKKER HorpiJkK resolved to have an investigation 
made by an expert into the supposed abundance of tin-ore in Flores. 
By resolution of the 20% Sept. 1889 n°. 18 the mining-engineer of the 
Department of Mines C. J. van ScnerLe was appointed leader of 
the expedition. The expedition left Batavia on the 15'® Nov., and 
arrived the 30% next at Kupang. After the resident of Timor had 
ordered the magistrate E. F. Ketan to accompany the expedition, they 
left on the 3rd Dee. for Larantuka and afterwards to Endeh, where 
the assistant magistrate F. A. BRUGMAN joined them. On the 10" they 
disembarked at Soa, situated on the westside of the Aiméré Bay, and 
a reconnoitring-expedition was undertaken in a north-eastern direction 
as far as the village of Foan, where however none of the inhabitants 
could be prevailed upon to accompany the expedition to Langga, 
“which village is said to be situated in the neighbourhood of the 
“tin-region’”’. 

After their return on the 11th December they went into bivouac 
which they left again on the 15%. After a 10 hours’ march in a 
north-eastern direction the mountain-ridge of Watu Loko was reached 
in the neighbourhood of Ekofeto. The next morning, a short time 
before their departure, they had to sustain an assault in which 
Van Scuetin and Kieran were wounded by sword-thrusts. In a 
forced march the expedition drew back to the Aiméré Bay, which 
they left in the afternoon of the 17% to sail back to Kupang ®). 

From the information he had obtained Van ScuELLe came to the 
conclusion ‘dst that none of the Endehnese, who had visited the 
“coast-region of Rokka and the neighbouring Mangarai knew anything 
“of an importation of tin under any form whatsever. 2"d that the 
‘mountaineers of these regions with whom they came into contact 
‘possess tin ornaments, and use likewise tin to make their fishing- 


1) This gentleman undertook in 1889 a scientific journey by order of the Kon. 
Nederl. Aardrijkskundig Genootschap. The results obtained have however never 
been published. 

2) Koloniaal Verslag van 1890, page 21. — Verslag van het Mijnwezen over het 
4e kwartaal 1889, p. 11. — J. C. van ScHELLE. Verslag van het onderzoek 
naar het voorkomen van tinertshoudende gronden op Flores. Extra-Bijvoegsel der 
Javasche Courant. Batavia 1890, No. 10. — Tijdschr. voor Nederlandsch-Indié 
1890. 2, p. 77 —79. — Tu. Posewrrz. Die niederländisch-indische Zinnerzexpedition 
auf Flores. Das Ausland 64. Stuttgart 1891, p. 145—149. 
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‘nets heavier; 3d that tin has little value for them and iron and 
“copper is valued higher by them; 4" that constantly as finding- 
“place of tin a special spot is indicated, situated northward from 
“Mount Rokka, and the natives possess there considerable quantities 
“of tin” *). Further he asserted “that the idea formerly occasionally 
“suggested, that the tin that the people of Rokka possess, should 
“be imported or proceed from solder of petroleum- or other tins 
“must be rejected as utterly unfounded”. 

The summary of his considerations was: “As far as the information 
“T obtained reaches, I must admit that the soil to the north of the 
“Mountain of Rokka is very rich in tin-ore...... Along a fissure 
“running probably from East to West along the South-coast of 
“Flores, the volcanic products have found a way and partly covered 
“the other formations. The region containing tin-ore is situated at 
“the frontier of the two formations, and we must admit, that the 
“older formation there is strongly impregnated with tin-ore, and that 
“by the desaggregation this comes free at the surface”. 

The favourable expectations raised by VAN ScHELLE’s report 
induced the Indian Government to send out a second expedition this 
time however supported by a strong military power. (Resolution 
of the 31st March 1890) ’). 

On the 11 May 1890 a detachment departed from Surabaya and 
arrived on the 14? in the Aiméré Bay, where on the left bank of 
the Wai Moké (Aiméré River) a bivouac was pitched. On the 8" July 
the well-known Watu Loko was oecupied. On the 24 and 25 under 
protection of a strong patrol C. J. van Scurtie made from this 
place in an eastern and north-eastern direction reconnoitring excursions 
to the supposed tin-region. Instead of grounds containing ore he 
found however crater-mountains, of which Kopo Lebo and Lebi Sega 
were ascended. On the 29" the patrol reached the top of Wolo 
Méré, 1650 feet high, and discovered that, as far as could be seen, 
it was of a volcanic nature. 

After this complete failure a last effort was ventured to reach 
the “tin-region” from the district of Toa situated on the north-coast, 
where E. PF. Kreian had taken information in 1887. By resolution 
of 10% Sept. 1890, N°. 1 it was stipulated that vaN SCHELLE and 


1) In reality more than a dozen places were mentioned. 

2) Koloniaal Verslag van 1870, page 22, 1891, p. 23—29. — Verslag van het 
Mijnwezen over het 2de kwartaal 1890, p. 16; Sde kw. 1890, p. 12. — P. G. 
SCHMIDHAMER. De expeditie naar Zuid-Flores. Indisch Militair Tijdschrift. 24. 
Batavia—'s Gravenhage 1893, p. 101—115. 1:'7—213, 289-307, 315 — 404, 
493 —504, 25. 1894, p. 1—11. 
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his companions were to leave the south-coast, to repair to the 
district mentioned above. In the mean time a division had arrived 
there on the 26th September, that transported their head-quarters to 
Nbai on the 27 October. When van ScHELLE had been obliged to 
leave the spot on account of ill-health, he was replaced by the 
overseer A. F. H. Heuscnh and along the river Koli they marched 
into the interior towards Mundé, but on this expedition likewise 
only voleanie formations were found.’) Increasing cases of illness 
rendered a longer residence impossible, so that on the 23rd of November 
Nbai and on the 2°¢ of December Remang had to be evacuated. ®) 

In the mean time information about the occurrence of tin was 
gathered from other sides. J. W. Mrrrpura on his march across 
Manggarai in 1890 did not see anywhere an object made of tin; 
only at Nanga Mborong he obtained a tin bracelet, which was said 
to originate from Anduwa to the W. of Wai Moke, where, as was 
sud, the tin-ore was to be found.*) In the beginning of 1891 the 
controller J. F. Horepr was sent to the North-coast of Flores, in 


‘) According to P. G. ScHMIDHAMER Poré was the real finding-place of the tin 
(p. 404) and not Poma, Mundé and Soa (p. 500). 

*) Koloniaal Verslag van 1891, p. 26—29. — J. W. Sroursespisk. Een mede- 
deeling over het eiland Flores. Tijdschr. K. Nederl. Aardr. Gen. (2) 8. 1891, p. 
748—749, map NO, IV. 

*) Dagboek van den controleur van Bima, J. W. MEERBURG, gehouden gedurende 
zijne reis door het binnenland van Manggarai. Tijdschr. v. Ind. T. L. en Vk. 86. 
Batavia 1893, p. 143, 148. 
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consequence of a report of ArBerr Conrs') according to which the 
inhabitants of Potta bring tin to market. That information was not 
confirmed by him, on the contrary he was told that in the district 
of Dua to the South of Potta, tin, gold and even diamonds occurred.’) 

The last investigation took place in the end during the years 1910 
and 1911 by J. J. PANNEKOEK van RHEDEN. In the second of his 
papers *) mentioned at the foot he says with regard to the occurrence 
of tin: ‘According to the reports of WicHMANN and VAN SCHELLE 
“there was sufficient foundation for the supposition that the tin that 
“was used by the population of Central Ngada was originating 
“from ore found in the district itself. *) As the presumable finding- 
“place the region to the North of voleano Inië Rië is indicated. On 
“the occasion of the expedition in North Ngada in 1890 a slight 
“quantity of fine cassiterite was collected near Torang. The investi- 
“gation 1 was charged with about the occurrence of tin-ore in these 
“regions could not yet be brought to an end on account of the un- 
“favourable political situation.” °) 

After the above historical explanation we shall now try to answer 
the question whether there is sufficient ground to admit that tin 
occurs in Flores. C.J. VAN ScHELLE had answered the question affirm- 
atively and supported his answer by the 3 following hypotheses. 
1st. nothing is known about the importation of tin objects, 2ed the 


1) Corrs made a journey through Manggarai in 1880. In the description of his 
journey not a single word is said about the above communication (Het Journaal 
van ALBERT Corrs. Batavia 1888, p. 71—72). 

2) Verslag van de reis van den Controleur Hoepr naar de noordkust van West- 
Flores. Tijdschr. voor Ind. T. L. en Vk. 36. 1893, p. 281, 292. 

3) Eenige geologische gegevens omtrent het eiland Flores. Jaarboek van het 
Mijnwezen in Ned. Ind. 39. 1910. Batavia 1912. Verhandel. p. 132—138, pl. X. 
— Overzicht van de geographisclie en geologische gegevens verkregen bij de 
Mijnbouwkundig-geologische verkenning van het eiland Flores in 1910 en 1911, 
Jaarboek van het Mijnwezen 40. 1911. Batavia 1913. Verhdlg., p. 208—226. 

4) This remark is, in so far as regards myself, entirely invented. The only 
thing ever written by me about this subject runs as follows: “Ebenso schleier- 
“haft (namely, as the origin of the Muti Tanali) ist die Herkunft des Zinns, dem 
“eine gleiche Entstehung zugeschrieben wird. Es bedarf keiner eingehenden Ausein- 
“andersetzung, um darzuthun, dass Zinnerz durch brennendes Gras niclit reducirt 
“werden kann. Man hat auch noch niemals die geringste Spur von Zinnerz auf 
“Flores gefunden. Die uns zu Gesicht gekommenen Gegenstiinde aus Zinn hat 
“WeBeER beschrieben. Sie sind simmtlich bleihaltig.” (Tijdschr. K. Nederl. Aardr. 
Genootsch. (2) 8. 1891, p. 230—231). It is exactly the same with P. G. ScHmip- 
HAMBER’s remark concerning the information of the... professors WICHMANN 
and Max WEBER’, (l.c. p. 106). 


5) lc, p. 226. 
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mountaineers possess tin ornaments, and 3°¢ tin has little value for 
them and iron and copper is valued much higher by them. Though 
in general the correctness of these hypotheses will be readily acknow- 
ledged, we cannot help remarking that they do not prove anything, 
for in the possession of the Rokkanese objects of another nature 
are found, the origin of which is as little known, whilst they can 
by no possibility be constructed by them. Among these are e.g. the 
lens-shaped pieces of brass, called by the Endehnese “mas di Rokka” 
(gold of Rokka), and the dirty-red beads known in the Timor Ar- 
chipelago by the name of Muti Tanah or Muti Salah. These are 
made of artfully manufactured glass and certainly not originating from 
the Malay Archipelago *), but of these the same story is told as of 
the tin, i.e. that they appear on the surface when the grass is burnt.’) 

With regard to the “mas di Rokka” A. Frenzer indicated already 
that it is an alioy of tin and copper.*) When I was in 1888 at 
Mbawa the mountaineers asked me a gold-piece “with the leaping 
horse” (£ 1) for it. This “gold of Rokka” can no more be originating 
from Flores, for a nation that stands so low, is not able to manu- 
facture such an alloy.*) With respect to the so-called tin objects the 
same can be asserted. As early as 1884 it was known, that they 
consist in reality of an alloy of tin and lead, a fact which has not 
been taken into account, in the first place C. J. van ScuEeLLE did 
not do so, not even afterwards, when a piece of “tin” obtained 
during the campaign of 1890 appeared to consist of 59,8°/, tin and 
40,2°/, lead.*) Max Weger brought likewise into relief, that the 
bracelets bought by him in 1888 were composed of these two 
metals.°) The fact communicated by him that the natives of East 


1) This subject was treated very elaborately by G. P. RourrarR (“Waar 
kwamen de raadselachtige moetisalah’s (aggri kralen) in de Timor-groep oorspron: 
kelijk vandaan?” Bijdr. v. de T. L. en Vk. (6) 6. ’sGravenhage 1899, p. 409— 
675). 

2) J. E. Teysmann. Verslag eener botanische reis van Timor... Natuurk. Tijd- 
schrift van Ned. Ind. 34. Batavia 1874, p. 350. — S. Roos. lets over Endeh. 
Tijdschr. voor Ind. T. L. en Vk. 24. 1877, p. 501. 

*) Mineralogisches aus dem Ost Indischen Archipel. Tschermaks Mineralog. Mittheilg., 
Wien 1877, p. 3U6. 

*) With regard to copper, it is quite certain that at least since the middle of 
the 18th century it was imported into Flores, ‘J. C. M. RADEMACHER. ‘Korte be- 
schrijving van het eiland Celebes en de eilanden Flores, Sumbawa, Lombok en 
Bali.” Verhandel. Batav. Genootsch. v. K. en W. 4. Batavia 1786, p. 252.) 

5) Koloniaal Verslag van 1891, p. 26. 

6) “Mededeelingen over zijne reizen in Indië.” Tijdsch. K. Nederl. Aardr. Gen. 
(2) 7. 1890, p. 457. — Ethnographische Notizen über Flores und Gelebes. Intern. 
Archiv. f. Ethnographie, Suppl. 3. Leiden 1890, p. 15, 16. 


483 

Flores opened tins in order to work the solder into bracelets etc, 
made VAN ScBrILE remark that such an idea, with regard to the 
Rokkas, “must be rejected as utterly untenable’. WeBer on the con- 
trary had positively asserted that this origin of the tin objects of 
the province of Rokka was unacceptable. The fact that among the 
constituents of the bracelets in question lead occurs, the import of 
which was in former times as little known as that of tin, would 
lead to the conclusion that this metal must likewise be originating 
from Flores itself. 

Leaving out of consideration the fact that lead-ore occurs only 
sporadically *), nobody will certainly suspect the natives of under- 
standing the art of reducing the metal from it. 

A boy of fourteen years who was taken prisoner in 1890 with 
the object of being able to interrogate him, rightly remarked “he 
“could not possibly give any information concerning the tin; the tin 
“that is in their possession, they have as pusaka from their ancestors”. *) 
If one should object that objects regarded as pusaka are as a rule 
higher valued, we may point out that for several years, the gold 
that is brought by Australian horse-dealers in the shape of sovereigns 
to Sumba, from where it has found its way to Flores is more to the 
taste of the natives. During the bad harvests which are by no means 
rare, they are moreover compelled to part with objects that are 
dear to them, in order to obtain food. 

Consequently we come to the conclusion that the metallic objects 
in the Rokka territory are not originating from the island itself, but 
that they were imported in former times. Their origin is as unknown 
as that of the different metallic objects found with the natives of 
other islands. 

The last question that must be answered is, whether the geolo- 
gical condition of the island is of such a nature, that there is any 
prospect of being able to detect tin-ore — in whatever form it 
may he. The following summary may serve for this purpose. In 
Western Flores, the eastern frontier of which is situated between 


1) Galena was found by J. J. PANNEKOEK VAN RHEDEN in small quantities in 
the neighbourhood of Lowo Sipi (Endeh) and in the peninsula of Batu Asa 
(Manggarai). J. P. FREyss supposed that the same mineral occurs near Rium and 
near Geliting on the north-coast, which is very unlikely. R. EvERWIJN mentioned 
lead from Mount “Himendiri in Western-Timor’ (Jaarboek van het Mijnw. 1872, 
I, p. 261). The mountain is really called “Ilimandiri’’ and situated in Eastern 
Flores. The piece mentioned is an augite-andesite containing hematite, lead however 
is not present at all. 

*) Java-Bode, Tuesday 8 July 1890, N°. 154. 
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490°53' FE. on the north- and 120°47' E. on the south-coast, an 
orographical difference presents itself already between the northern 
and the southern part. Here very accidented grounds, steep moun- 
tains 2646 m. high, and deep valleys and ravines, yonder a more 
hilly region in which only few mountains reach a height of 1000 m. 
and more. This northern part is chiefly covered by a formation, to 
which J. J. PANNEKOEK VAN RHrpeN has given the name of Reo 
formation, and which consists of limestones — especially coral lime- 
stone — resting occasionally on eruptive rocks and sometimes 
enclosing voleanie products. Here and there they are covered with 
tuffas '). PANNEKOEK writes regarding the organie remains that are 
found: “A cursory investigation stated the presence of: Orbitoids, 
“Corals, fragments of Spatangus, Natica, Corithium, Conus, Lima (Pla- 
“giostoma), Ctenostreon, Gervillia, Isocardia, Teredina’. A curious 
mixture indeed. It is to be hoped that this ‘cursory’ examination 
may soon be followed by a more correct one. From the remark 
that the strata of the isle of Rindja, “seem to be younger, most 
“likely tertiary” we must deduce that he supposes the sediments 
of the Reo formation to be of a mesozoic age, which however cannot 
be the case. H. Zortineer has already drawn the attention to the 
similarity of these strata with regard to their petrographic character 
with those of the south-coast of Java (Besuki, Kediri)*). They have 
entirely the character of neogenic rocks, as appears already from 
the occurrence of Globigerina limestones *). PANNEKOEK however 
rightly makes distinction between these and the younger pleistocenic 
coral limestones, as they are found in the isle of Longos in the 
neighbourhood of Reo. On the bay of Reo they rest on andesite 
conglomerate. *) A continuation of the Reo formation is most likely 
still found as far as the Kolitang Bay (Soho Kolitang) 120°77' E. 
J. F. Horpr found eastward from the extensive plain a low range 


1) Overzicht van de geographische en geologische gegevens verkregen bij de 
Mijnbouwkundig-geologische verkenning van het eiland Flores. Jaarboek van het 
Mijnwezen in Ned. Indië, 40. 1911. Batavia 1913. Verhandel. p. 217—218. 


2) Verslag van eene reis naar Bima en Sumbawa .. . . Verhandel. Batav. Gen. 
v. K. en W. 2%. Batavia 1850, p. 14. Remarkable is his annotation accord- 
ing to which at Badjo (meant is perhaps Padja) a day’s journey behind Bari 
a hot spring is found, forming a pond, on which a brownish mass floats, which 
hardens in the air and can be used for tarring proas. 

5) J. W. Reraers describes likewise from Dangkawai 15 kilom. S. W. from 
Reo, a limestone containing foraminifera. (Jaarboek van het Mijnw. 24. 1895. 
Wet. ged., p. 135) 

*) A. WicHMANN. Bericht über eine . . . . Reise nach dem Indischen Archipel. 
Tijdschr. K. Nederl. Aardr. Gen. (2) 8. 1891. p. 194. 
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of hills consisting of limestone, and in the plain itself a few isolated 
hills of limestone *). 

Up to the present moment only younger tertiary and post-tertiary 
eruptive rocks were found in the entire southern half of Western 
Flores. In the utmost south-western part i.e. in the Madura Bay the 
Siboga Expedition collected in 1899 rocks that on more exact examin- 
ation proved to be augite-andesite. According to D. F. van Braam 
Morris Mount Sosa 1212 m. bigh farther westward 8°46’ S, 129°58’ E. 
must be a still active voleano’). By the volcano called by him 
Toda (5000 ft.) will most likely be meant Potjo Wai 1740 m. high, 
the highest mountain of the province of Todo. Potjo Leo 2696 m. 
high was already called a volcano by J. P. Freyss *) and is still 
active according to Braam Morris. J. W. MeerBure, who marched 
along its slopes in 1890, does not remark anything in this regard ‘) 
Potjo Lika (2212 m.) situated in the immediate neighbourhood to 
W.N.W. is, according to PANNEKOEK’s map, voleanic, and the same 
can most likely be said of Potjo Rea (2006 m.) and Mata Wae (2077 m.) 
rising at a short distance. J. W. Reraers has microscopically examined 
the rocks collected in this region by J. W. Merrsura.*) He mentions 
pyroxene-andesite from the Wai Renu near Dégé, quartz-augite-andesite 
of the same place, quartz-hyperstene-andesite and hornblende-hyper- 
sthene-andesite from the Wai Ledé near Ruté at the N.E. foot of 
Potjo Lika, hornblende-hypersthene-andesite from the Wai Soki, 
between Lidi and Todo, pyroxene-andesite from the Wai Madjo near 
Todo, hornblende-pyroxene and hornblende-hypersthene-andesite from 
the Wai Mau, a tributary of the Mésé, 9,4 kilom. N. from Nanga 
Ramo. Toren Island 780 m. high (8°54’ S., 120°15,4’ E.) ®) situated 
to the south of this place is most likely also of volcanic origin. 

According to PANNEKOEK’s map the whole region situated between 
Nango Ramo and the Aiméré Bay, the frontier of Western Flores 
is of a volcanic nature. It is wellknown, that Mount Komba (926 m.) 


1) Verslag van de reis van den controleur Hoepr naar de Noordkust van West: 
Flores, Tijdschr. v. Ind. T., L. en Vk. 36. Batavia. 1893, p. 292. 


2) Nota van toelichting behoorende bij het contract gesloten met het landschap 
Bima. Tijdschr. v. Ind. T. L en Vk. 36. 1893, p. 186. 

3) Reizen in Manggarai en Lombok. Tijdschr. v. Ind T.L. en Vk. 9. Batavia 
1860, pp. 506 —507. 

4) Dagboek van den controleur J. W. MeerBuURG, gehouden gedurende zijne reis 
door het binnenland van Manggarai. Tijdschr. v. Ind. T.L. en Vk. 36. 1893, p. 290, 

5) Mikroskopisch onderzoek van gesteenten uit Nederl. Oost-Indië. Jaarboek van 
het Mijnwezen 24. Amsterdam 1895, Wet. ged, p. 135. 

6) Also called Pulu Ramo, Nusa Sigo, Gili Enta or Embuanga. 
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and Mount Lumu (663 m.) rising on the west-side of the mentioned 
bay over Sosi are extinct volcanoes. 

The expedition of 1890 had communicated regarding Central 
Flores that in the province of Toa, in the river-basin of the Nanga 
Koli, they had marched exclusively through a volcanic territory. In 
the upper-river-basin of this river, in the neighbourhood of Soa 


(about 8°40’ S., 121°2’ E.) — one of the repeatedly mentioned 
finding-places of tin-ore — PANNEKOEK found at a height of + 400 m. 


a territory of horizontally stratified marls with interjacent light-yellow 
tufas containing impressions of leaves, molluscs, insects and fishes. 
He supposed these strata to be sediments, deposited in a fresh-water- 
basin and called it Soa formation *). More eastward, between Mautenda 
and Dondo on the North-coast another territory is situated which, 
according to PANNEKOEK’s map, is covered by sediments of the Reo 
formation. 

The southern half of Central Flores, on the contrary, contains most 
of the still active voleanoes of this island. To the East of the Aiméré 
Bay rises in the first place Inije Rije (Inië Rié) 2494 m. high, more 
known by the name of Gunung Rokka, which is in a solfataric 
activity. Wimram Briem saw it smoking for the first time on the 
22"d of August?) and PANNEKOEK perceived on his visit in 1910 
that the solfataras are situated on the east-side of the crater bottom *). 
The long ridge of the Langga Mountains seems to be, according to 
PANNEKOEK, a Somma-edge of Mount Rokka. To the East of this 
mountain rises Watu Sipi 1466 m. and another mountain 1533 m. 
the name of which is unknown. Both are extinet volcanoes. In 
the North-east of the Rokka a group of volcanoes is found that are 
no longer active among others Kopo Lebo, Wolo Mere, about 2000 m. 
high, Pipodok, Wolo Lega, Lebi Saga, which were discovered during 
the military expedition of 1890 *). 

Inije Lika (Inié Like) 1600 m. high, hitherto entirely unknown, was 
discovered in 1910 in North Ngada and described by G. P. ROUFFAER *). 

1) Eenige geologische gegevens omtrent het eiland Flores. Jaarboek van het 
Mijnwezen 39. 1910. Batavia 1912. Verhdl., p. 135. — Overzicht van de geogra- 
phische en geologische gegevens.... van het eiland Flores. Ibid. 40. 1911. Batavia 
1918, p. 220-221: 

2) A Voyage to the South Sea undertaken by Command of His Majesty. London 
1792, p. 246. Dr. R. D. M. VeRrBEEK kindly informs me that this is a mistake. 
Instead of Mount Rokka has to be put Mount Keo. 

3) Eenige geologische gegevens. as quoted p. 135 —136. 

+) P. G. ScHMIDHAMER as quoted p. 389, 390, 393 and map. 

5) De Inije Lika op de hoogvlakte van Ngada. Tijdschr. K. Ned. Aardr. Gen. (2) 
27. 1910, p. 1233—1239, vide likewise J. J. PANNEKOEK VAN RHEDEN, Overzicht van 
de geographische en geologische gegevens. l.c., p. 219, 223. 
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The heavy eruption, lasting only five hours, took place in 1905. 
About Ambu Rombo 2147 m, high, also called Suri Laki, better 
known by the name of Gunung Keo, we do not know much more 
than that it has been for more than half a century in a situation 
of solfatarie activity. According to PANNEKOEK!) the solfataras are 
especially situated in the neighbourhood of the northern edge of the 
top’). As far as it is known only augite-andesite is found as 
rock on the coast. Ngaru Tangi (1537 m.) rising over the S. W. 
corner of the Endeh Bay is a voleanic ruin. 

In the territory of the Endeh Bay the western part of its north- 
coast, especially the environs of Nanga Pandan, was examined in 
1910 by Jon. Expert’). He wrote in his first communication that 
Central Flores had been ‘durchquert” *) by him and that he had 
found: gray wackes, diabase-tufas, melaphyre-breccias, quarzites, marls, 
which were perhaps{ of palaeozoic age. In bis work published 
two years afterwards he does not mention these at all, neither are 
the above-named rocks found back in it, but quite different ones 
are indicated. Referring to the determinations of M. Brrowsky and 
G. Rack he says, that he has found on the Wawu Manu Balu as 
fundamental rock hypersthene-diorite-porphyrite, over it hovnfels, 
which was succeeded by tufa-rock. On the steep declivities of 
Woro Weka in the valley of Oto Weka he perceived at the bottom 
augite-diorite over it hornfels and further quartz-sandstone. He 
surmised the existence of a contact of the plutonic rocks*). In 
Grore Rack’s description of the collection gathered by ErBerr (39 
specimens in all) however the name of not a single one of the 
above-mentioned rocks occurs. On the contrary he describes from 
the river Manu Bala dacite and andesite, from Oto Weka and 
Langa Weka exclusively andesite!*). According to ErBerT a gray 
limestone containing numerous Globigerina’s and a few Rotalia’s 
occurs near cape Ngaru Kua en the North-coast of the Endeh Bay ‘). 


1) J. J; PANNEKOEK VAN RHEDEN. Eenige geologische gegevens. |. ¢., p. 
136—137. — Overzicht van de geographische en geolog. gegevens... 1. ¢., p. 220. 

2) A. WicHMANN. Bericht über eine... Reise nach dem Indischen Archipel. 
Tijdschr. K. Nederl. Aardr. Genootsch. (2) 8. 1891, p. 231. . 

5) B. Hagen. Bericht über die von Dr. ErBert gefiihrte Sundaexpedition des 
Frankfurter Vereins fiir Geogr. und Stat. Petermanns Mittlg. 56. 1. 1910, p. 308. 

4) A somewhat euphemistic expression, if we consider that the direct distance 
between Nanga Pandan and Geni is only about 10 km. 

Dep. 201: 

6) Petrographische Untersuchungen an Ergussgesteinen von Sumbawa und 
Flores. N. Jahrb. f. Min. Beil. Bd. 34. 1912, p. 73—82. 

Ien pe. 201; 
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Also at Liana in the northern part of the province of Endeh PANNEKOEK 
found a lime stone rich in Foraminifera, in which moreover fragments 
of quartz, plagioclase and biotite were detected *). From this it appears 
that the limestone is younger than the dacite. In the valley of . 
Ndona, eastward from Ambugaga, I found a boulder of Globigerina- 
limestone. For the rest effusive rocks with their tufas and loose 
eruptive materials are prevalent in this region. The southern part 
of the peninsula of Endeh is formed by Mount ja, usually called 
Gunung Api (635 m.). The material from which it was formed is 
angite-andesite. For a long time it has been in a solfataric activity. 

To the north of this mountain rises Pui or Gunung Medja only 
394 m. high, which has retained a regular craterform?). In a 
northern direction Mount Kengo (514 m.) and Mount Wongo (723 m.) 
which Ensrrt regards as the two cupolas of one encircling mountain, 
are connected with the peninsula of Endeh*). Most likely the 
eruption of a mountain, situated behind Brai, in 1671, which P. J. 
Vern mentions*) relates to Kengo, and not as I supposed formerly 
to) Po. 

To the West of the Ndona valley rise Geli Bara (1731 m.) and 
Geli Mutu (1494 m.), the latter of which is in a situation of solfataric 
activity ®). The pyroxene- and labrador-andesites originating from this 
territory were described by G. Rack‘). I found in 1888 in the 
valley of Ndona numerous boulders of dacite, labrador-andesite, 
augite-andesite and on the declivity of the mountain andesite. To 
the east of voleano Ndona Expert still mentions Nduri, which has 
a solfatara’). The island of Nusa Endeh situated in the Endeh Bay 
is likewise of a volcanic origin. 

In the eastern part of the island of Flores the limestone formations 
have become very scarce. The little information we have about it 
is limited to the hillrange in the W.N.W. of Sikka situated in the 
province of Tsu on which, according to H. ren Karr, the villages 
of Kiara (+ 275 m.) and Riipuang (+ 350 m.) are situated. ®) The 
rock collected by him is a Globigerina limestone. In the farthest 


') Overzicht van de geogr. en geolog. gegevens l.c, p. 219. 

*) A. WicuMANN l.c., p. 222. 

5) Wien 202, 

*) Het eiland Flores. Tijdschr. voor Nederl.-Indié. 1855. IL. p. 157. - 

*) J. J. PANNEKOEK VAN RHEDEN. Eenige geolog. gegevens l.c, p: 1574 
J. Expert. Die Sunda-Expedition. IL. 1912, p. 202. 

6) lie, p. 78—82. 

1) Aes ip 202! 

*) Verslag eener reis in de Timorgroep en Polynesië. Tijdschr. K. Nederl. Aardr., 
Gen. (2) 11. 1894, p. 221, 
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Northeast occurs then limestone in the vicinity of Tanjung Bunga 
or Kopondai, the well-known Cape Flores, to which the island owes 
its name. At a distance of 300 m. eastward from the cape men- 
tioned, G. A. J. VAN DER SANDE discovered a grotto with stalactites, 
And at last, according to A.J. L. Couvreer, coral limestone is found 
to the North of Larantuka from Panté Lela to Panté Beli Beting, 
especially between the village of Labao and Ili Labao. 

The entire remaining part is covered with volcanic material the 
monotonousness of which is only interrupted by the numerous partly 
still active voleanoes. In the North westward from Maumeri rises 
the volcanie ruin of Kiman Buleng (1446 m.). Gunung Dobo or 
liang (900 m.) situated behind Geliting but nearer to the South- 
coast is on the contrary still active. 

Most known, though likewise not sufficiently examined, are the 
volcanoes situated on the East-coast of Flores. For times immemorial 
Ilimandiri (1570 m.) has not given any sign of activity. The rock 
of which it is composed is chiefly augite-andesite.’) Kabalelo (1075 m.) 
situated eastward is an old volcanic ruin. *) Westward from it Leworoh 
is situated where on the 16 of March 1881 an explosion-crater 
formed itself.*) The largest, highest and most active voleano however 
in this territory is Lobetobi, consisting of two cones Lakilaki 2170 m. 
high and Parampuan 2263 m. high. 

G. F. Typreman perceived about 37 km. westward from Lobetobi 
a high volcanic cone; most likely Dara Woér is meant by it. *) 

As appears from the above, there is in Flores no room for 
praetertiary sediments and eruptive rocks. Repeatedly however the 
existence of such like rocks in the form of boulders was hinted at. 
Near the bay of Bari I found in 1888 quartz-porphyry, clay slate 
and quartzite. °) I may now add to this the communication that in 
the river Reo amphibole-granite and diabase occurs, the hornblende 
of which has changed into chlorite. More eastward in the territory 


1) Een dienstreis benoorden Larantoeka (Oost-Flores). Tijdschr. K. Ned. Aardr. 
Genootsch. (2) 25. 1908, p. 554. 

2) A. {WicumMANN |. c., p. 159. — G. Rack. Beiträge zur Petrographie von 
Flores. Ceztralbl. f. Mineral, 1913, p.p. 184—139. — H. Mout described from 
Okka, situated on the south-western extremity of Ilimandiri sanidine-trachite and 
Hauyn-andesite (N. Jahrb. f. Min. 1874, p.p. 694697). The determination however 
was not correct. 

5) J. P. van DER Stok. Uitbarstingen van vulkanen... gedurende het jaar 1881, 
Nat. Tijdsch. Ned.-Ind. 42. 1882, p. 241. 

4) Hydrographic Results of the Siboga Expedition, Siboga Expedition 3. Leiden 
1903, p. 56. 

5) 1e. 198. 
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of the mouth of the Nanga Koli A. F. H. Hevscu collected in 1890 
according to PANNEKOEK ‘) quartzite and greywakke(?). On the south- 
coast at Nanga Mbawa I found granite (read quartz-diorite) and 
eabbro?) and finally in the valley of the river Ndona quartz-diorite. 
None of these rocks were ever found as rock, they are con- 
sequently at least “auf tertiärer Lagerstätte”. They are the last 
remains of rockmasses that got into the conglomerates by washing 
from which they got afterwards free again. 

The oldest formations of Flores belong to the effusive rocks of 
the character of dacites, labrador-andesites and hornblende-andesites 
with their tufas, on which those of the limestones of the Reo-form- 
ation and those of the tnffas of the Soa formation follow. They 
were uncovered by subsequent elevation. Afterwards the island was 
over its entire length the scene of violent volcanic eruptions, from 
which the only partly known crater mountains proceeded. The 
material produced by them consists — as far as our knowledge 
reaches — exclusively of pyroxene-andesites belonging to the Pacific 
type of rocks. The younger coral limestones occurring only spora- 
dically have only been formed after the formation of the volcanoes. 

Von ScueLin’s postulation that the bottom “to the north of Mount 
Rokka is very rich in tin-ore” appears to have been not only vain 
but also very expensive. 


Mathematics. — “The theory of the combination of observations 
and the determination of the precision, illustrated by means of 
vectors.’ By Dr. M. J. van Uven. (Communicated by Prof. W. 
KAPTEYN),”’ 


(@iommunicated in the meeting of June 27, 1914). 


By L. von Scururka*) and C. Ropricuez*) a method has been given 
of illustrating geometrically the theory of the combination of obser- 
vations by the method of least squares, namely by means of vector 
operations. Ropricurz however chooses in the case of rigorous equations 
of condition another way, whilst von ScuruTKa, who consistently 


1) Overzicht der geographische en geologische gegevens 1. c. p. 229. 

21. ¢. pe 228; 

3) L..von ScHRUTKA, Eine vektoranalytische Interpretation der Formeln der 
Ausgleichungsrechnung nach der Methode der kleinsten Quadrate. Archiv der 
Mathematik und Physik. 3, Reihe, Bd. 21, (1913), p. 293. 

4) C. Roprrevez, La compensacion de los Errores desde al punto de visto geo. 
metrico. Mexico, Soc. Cient. “Antonio Alzate”, vol. 33 (1913—1914), p. 57. 
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operates with vectors, restricts himself to two variables and one 
rigorous equation of condition. 

It is our purpose not only to extend their method to the case of 
an arbitrary number (JV) of variables and an equally arbitrary 
number (vy) of conditions, but also to derive the weight of the unknown 
quantities in the same way. 

I. There are given N quantities z,y,z,... which are to be deter- 
mined from n (approximate) equations of condition (equations of 
observation) : 

ais + biy Haze... m=0 aah ars We 

These equations have the weights g; resp., and so are equivalent 
to the equations 

GVG-C+ bY o-y tGVg-2 +... mi g=0 Seal MERE 
each of which has the weight unity. 

We now introduce 

ge ie. a Ge rer es | 

V [94:7] V [95:7] V [g: ci] V [gimi"] 
Ae hiel B=yV lobe) C=2zV leieta. MSV [gm] 
Apa A = eg ot) Bi Bibi iN OON Os en 
Mi = Ma = mi gi, 
[ | denoting summation over # from 1 to n. 
So the equations of observation run in the form 
Ap. Ba Cr 2 Mi 0 ene 

We now consider A;, B;, C;,... M; as the components of the 
vectors A, B, €, .. MW, resolved paraliel to the rectangular coordinate 
axes of an n-dimensional space. Thus the tensors are A, B,C,...M, 
di, Pi, Yis--. i representing the direction cosines. 

The set of mn equations of observation may now be condensed in 
the single vector-equation 

ae tre es ore Mt Oy 

which expresses, that the vectors U, B, @,...9% must form a closed 
polygon. The coefficients a;, bi, c;,... and the weights g; being given, 
the unit vectors a,6,c,... of the vectors AU, 3,€,... are determi- 
nate. So the vector-equation requires that Dt may be resolved in the 
N directions a,6,c,..., in other words: that ® lies in the V-dimen- 
sional space Ry, determined by the vectors ¢,6,¢,... and called 
the space of the variables (or unknown quantities). 

In consequence of the errors of observation this condition is not ful- 
filled. The most probable corrected value of M is the projection of 
M on the space Ry of the variables. 


_ avg _ mig 


i= 


i 
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Denoting the projecting vector by ® (tensor A, direction cosines 
x;, components X;) we have really 
NFB Cr... MK 
As S& is perpendicular to 4, 3, € ..., we have 
(UN) =v, (B, XK) 0; (€, K) = 0> ete 
or 
jet, AG 0; ere: Ch ale by; Bh; =D, rene: 
or because 
K; => Aj Bitte. + 1G SGA Ge ey CS 
[a] A + [afi] B+ [aiyi] C+ ...4+ [as Mi] = 0, 
[Pies] A+ [BA] B-+[fixi]C4+.--.+ [iM] =, 
hek Og ed zkh RE 


By Sores ing thiese se E viv di 7, vies TV [ga 
. resp., we obtain the “normal equations” : 
[gia] + [orai bs] y + [gases +... + [giaimi] = 0, 
[gbiai}e + [gb7]y + [gbia]e+... + [gibimi] = 0, 
[giccaile + [gicbily + [gie*]2 +... + [gem] =, 


II. After these developments which also are given by von ScHRUTKA 
and Roprieurz we proceed to determine the weights of the variables. 

For this we notice that all the quantities M; have the weight 1, 
and therefore have an equal mean error ¢«. From this ensues, that 
the projection of 9 in any direction has the same mean error «. 

We have to investigate the influence on % due to the variation 
of M, if the other variables 3, €,... do not undergo that influence. 

A variation of Mt which does not displace the foot on Ry of the 
projecting vector $, does not act upon any vector U, 3, €, ... So we 
have only to do with a variation of the projection WM’ of Mon Ry. 
In order to leave the vectors 3, &,... intact, the foot is to be moved 
in a direction 8 perpendicular to %,&,..., and, because it lies in 
Ry, also perpendicular to $£. 

Denoting by 6; the direction cosines of 8, we may put the equation 

(2, 8) + (M8) —=0, 
obtained by multiplying the equation of observation scalarly with 
$, in the form 
A [ajo; |= — Ms 

M, designating the projection of M on 8. 

As M, has the mean error «, the mean error e4 of A equals 
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ak) € 
EA == fapor| ’ 
whence 

GA = [a; 0; |’. 

The vector 8, lying in Ay, may be resolved in the directions 
a,b,c, … Denoting its components in these directions by X,Y, Z,... 
we find 

Bee Mal Fb. Ze on 
or 
oi Xa;+ Yn Zyi+ ... 
Now, 8 being perpendicular to 5, €,..., whence Kon =O ly: on =O 
we have 
= [6,7] == [e; 0; | 
or 
f 
es 
le: 6; ] 
From the equations 


[a;o;] = (aio; | = 0; rolt 


ag ? 
which may also be written 


[a] X + [afi] Y + layi]Z+t..= 


[fie] X+ [27] Y + [Pivi] 7+--=9, 
rial + Wi] ¥ + [ri] 2+... =0 


or 
fas?) X? + [a f:;] XY + [as yi] XZ +. —1=—0, 
[Pia] X* + [A] XY + [iyi] X7Z+.. +00, 
rail Xt + WB XY + [ye] AZ +. +0=0, 


the first unknown quantity X* takes the value 
i) &4" 1 
bil I= = == t 
[e; o;] 5 e JA 
The reciprocal value of the weight of A is therefore found to be 
the tirst unknown of the “modified normal equations”. 
Putting further 
RSS gies). Ln [g67),. ZW ial, 
the modified normal equations pass into 
[giai?] §? + [gra:bi] En + [gracei] S5 + …— 1=0, 
[g:biailS? + [gbi] Sn + [yi bie: | SS Jen + 0=0, 
Lgseiai] 8 + [ocr di] Sy + [gie] $5 + … + 0 =0, 
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Now, from A —=aV[g:ai| ensues 
EA = EV [9:2], 


hence 
1 a 1 ea? x 


— a 


EE NE ae ee 
which is the well-known theorem on the weights of the variables. 

Example: 3 equations of observation with 2 variables. 

The unit-veetors a and b determine a 
plan A. The extremity M of —M—OM 
is projected on this plane in the point 
M’. OM’ is resolved parallel to a and 6 
into the components OA=Y% and OB=D. 
In the plane #, (4,3) the vector 8 is 
erected perpendicular to DB. On this vector 


b] 


OM =-—® and OA=4% have the same 
Fig, projection OA, == M,. This segment M, 
has the mean error e; the variable A, ie. the segment OA there- 
ì € 
fore has the mean error 84 = ————. 
- cos AOA; 


Ill. We now suppose that besides the n approximate equations 
of condition (equations of observation) » rigorous equations of con- 
dition are given, viz. : 


Anje + Ont sy HOonpje Jee fm, 5 = (Gl Pp). 
For the sake of regularity in the notation, we will also provide 
these equations with factors g,4; (which afterwards disappear from 
the calculation). Thus we really operate with 


AndjW gntj-t + ont gV gn+j-¥ + ontj V 9nj-2 dee tnt GV 9n4j—0(J=—1,. P)- 
Agreeing, that [;] now means a summation over 7 from 1 to 
nv, we may, retaining the notation used above, consider 4, 5, 
@,..., M@ as vectors in a space of n + v dimensions. 
The vector-equation 
a AE se 
is again not fulfilled on account of the errors of observation. The 
last » component-equations (2 + 1)...(n + v) however hold exactly 
this time. 
Putting again 
ULB AED JRR 
the » projections Kn41,..Kn4, of ® must be zero, whence 
Aj — O19 EP): 
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So the vector $ is perpendicular to the space R, “of condition” 
determined by the coordinate-axes 7,4; and therefore cannot generally 
be any longer assumed to be perpendicular to the space Ry (U, B, €.) 
of the variables. ® lies in the n-dimensional space F'n erp; = M4; 
(j=1,.r), which is parallel to the space FR, “of observation” determined 
by the axes wa (ht, ni). 

The parallel-space ', cuts the space Ry of the variables in a 
linear space of N + n—(n-++v) = Nv dimensions, which we shall 
denote by o'y_,. This latter is parallel to the space ov, of inter- 
section of the space A, of observation with the space Ry. 

We now project the extremity of M lying in B, in this space 
on the space e'y_, of intersection. The projecting vector will now 
be tbe ‘“correction-vector” $. 

Translating $ to the origin into the-vector OP, OP will be per- 
pendicular to the space ev—, common to Ry and A. 

Next we construct the normal space of ey_, which passes through 
the origin O. This space has n + »—(N—v)=n-+ 2rv—WN dimens- 
ions. It contains the space A, of condition (as normal space of R,), 
further the line OP, and also the normal space of n+ »— N 
dimensions which can be drawn from P perpendicular to Ry. 
This latter space therefore lies together with #&, in a space of 
n+2v— N dimensions and thus cuts #, in a space of (n-+-r—N ) + 
+ » — (n+2r—N)=0 dimensions, consequently in a point. As for 
this point Q, it thus lies both in Zi, and in the normal space drawn 
from P perpendicular to Ay, from which among other things 
follows, that PQ makes right angles with each line of Ry, more 
particularly witb the vectors AU, B, €,... So, projecting OP and OQ 
on 4, these projections are equal. The same holds for the projections 
on 0, ©, 2. 

Representing OQ by the vector S'(K', x;', K;'), we have, as $' 
lies in A, 


Kp = 0 and zj == 0: (hl) 
From 
AEN (RD) = RD (LO — (KG), + 

follows 

Ales ya a K [x (7; ] a K'[oe (5: |. ln K' |x; ye 1; PR Pe 

As *n4;== 0 for j7=—1,...», the sum [x;a;l is only to be ex- 
tended from 1 to n; hence [x;a;] = > x,a, = [xper); and since 

1 


z, = 0 for h=1,..n, the sum [x/e;) is to be extended from n-+1 
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id 
to n+», so that [x'a; |= 2 xn4jon4; = [%ntj nj). Here and in 
1 


what follows [1] will denote a sum over A from 1 to n, and [n4; |" 
a sum over j from 1 to ». 
We may therefore write 
[an Ki]! = [eng jKn4j 7", 
or, because 
K,=A, + Bt C,+..+M=aA + BBA yal 4+... + mM, 
[en?]'A + [orn] B + Lenya)’ +. + Landi)’ = [en4; Kn)’: 
[BrelA + [BEIB + [AC + … + [BM] = ogy Kugy's 
[yr] A + [yn] BA [y]C + + [yal = [yn j Kn 7 
Putting 
anj=0j Pn j= PI's Yn j= Vj'1 + Kn4j=— Qi, Mn4j—=M,', mm4j=mj', 
we have 
[an TA + [enPa)'B + Lanyal C + … + [onMy] + [a;'Q;]" = 0, 
[Gren\'A + [24 1B + [Bryi]'C + … + [PrMal' + [2;'Q,]'=0, 
[vaen)'A + Lyi] B + [yn TC +... + Tray! + Ly; Ql" =9, 


Introducing 
J yack J ie 
aj = Ontj ed wee Z | . bj — nj — eee ’ 
Yn+7 In+j 
viv Lg: c°] 
C= ea V Inj er == Q; V gntj 


we obtain, after multiplying successively by Vig,a;*], V [gibi], 
W[gicël, - | 
[onan Ve ++ [onanbal'y + [oranen]'e + … + gramma] + [as'g;]" = 0, 
Lonbnanlie 4 Lonbn ly + [gnbrenle + … + [gnbamal! + (bg; = 0, 
Loncnan]'a + [onenbily + Lgnen]z + … + [gneumal + [e;'gj]" =0, 
N equations, which together with the » conditions 


! Eel d ! ' 
arr big oja. -- mz; — 0 
serve to determine the N variables a, y,z,... and the » auxiliary 
quantities q;. 


IV. In order to determine the weights of z,y,z,..., i.e. of 
A, b,C,..., we must examine the influence undergone by % from 
a variation of M, the vectors 3, &,.. remaining unaltered. 

A variation of M only acts upon U, B, €,.. when the foot of Fon 
the space o'y_, of intersection moves. If the foot is fixed, S* may freely 
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move in the space S, common to the normal space of e'y_, (of n + 2» 
——N dimensions) and the space f’, parallel to 2,,. The space S obviously 
has (n-+2r—N ) + n—(n+vr) =n + v— N dimensions. A component 
of M in this space has no effect on the vectors U, D,E, … A com- 
ponent of M will only have any effect on U, %,&,..., when it lies 
in the normal space S’y of S, which has n + » — (ntr—N)= N 
dimensions. By translating this normal space S'v to O, it contains 
both R, and oy-_, (intersection of Ry and Zi). 

The variation of 3% will exclusively influence %, when the com- 
ponent of Mt undergoing this variation is perpendicular to 3, &,... 

These considerations lead to the result that we want that direction 
8, which lies in S’y and is perpendicular to 3, €... The vectors 
B, ¢,... determine together a space of NW—-1 dimensions. The vector 
8 must lie in the normal space (of n + »— N +1 dimensions) of 
the space (8, &,...). This normal space cuts S’y in a space of 
(nt v—N+1)+ N—(n-+ v)=1 dimension, hence in a straight 
line. So there is always one and only one line 8 fulfilling the 
imposed conditions. 

Since 8 lies in S’y, i.e. in the space joining A, with ov …, the 
projection t of 8 on Zè, will fall into ey. 

Now we have for the direction cosines rt; of the projection t of 
son fn: 


Th (aii) Velen if sh PR 


Mey LERS 
vlo] 

As t, being a line of gy_,, also lies in the space Zy and therefore 
may be resolved in tbe directions U, BC, …, we have 


a, = Pan + Qn + Ryn Hs Cet) 
Tn+7 = Pen; —- QP nj +- Ryntj + i 0. (7 — (Ma -Y) 
Putting 


Pylos T =P’ , QVi[o"7J7=Q , RY [er] =... 
we obtain : 
oP! + QU + yi +... at) aig gm OPEL) 
ant jh! + (Fn; + yn Rh +...= 9, (lp) 
and, 8 being perpendicular to D, € …, 
ai ==0, bel == 0e latte 
In this way we have collected n + v + MN equations to determine 
the 72 4-v unknown quantities o, and the NV unknown quantities 
PE 
S'y being perpendicular to £, 8 is also perpendicular to &. By 
multiplying the equation 
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sealarly by 8, it reduces to 

(U, 8) + (M, 8) =0 
or 

A [ajo;] = — Ms 

In order to determine the mean error of J/,, we remark that of 
all the lines through O in Zèn t is that which makes the smallest 
angle with 8. The error of M, therefore depends for the most part 
on the error in the components M, of M in the direction t. We 
may consequently write 
m. e. of Ms =m. e. of M, X cos (8, t) = € cos (8, t) 


or 
i Oh 
ee loi] Ie | . aaa | = ey’ [on7]', 
V [on ] 
hence 
Es V [677] 
EA — 7 
[aioi] [aio] 
Since 
On d 
M, = Miloimil = | Mixa): lax) = Ri vie | Vior| =| Mek 
V Lon" | 
we have ; 
Ms 7 Oh 
LE Ss 
Leioi] Laio;] 
or, putting 
On ie) 
[ aio; | hee 
A= — [paMi]'. 
1 EA Lon] 27! 
= ST = — == [pa*]’- 
JA Laioi] 
Introducing 
= iP! Fe Q' R Ont ; 5 
AS rn en “= (7 = 1, ..0) 
Laioi] Leio;] Leioi] Leio:] 
we arrive at 
aX HY + yrZ + = Ph (ha=i,..m) 


an iK + Pri Hpi de =0 (j= '1,...0) 
epJ=l , (Fpl=O , [ypi]=0 … 
From these n + v + N equations we can solve the nv unknown 
quantities p; ((—=1 …n +») and the N auxiliary quantities X, Y,Z.... 


The quantity — =| p,?]' in question is also found as follows 
JA 
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se =[ pi?! =[palenX+/(nV+yZ+-...) =X pre + YP [pi Pn HAL pril + 


" 


= X —.X [pn jong)" — Y [png jPngyl" — Z [paps] 
= X— [png len XP Bn pi ¥ bang jZ He)" 


a 4 


Returning to the original variables «,7,z,..., we derive from 


rod A 
er: V [gi ai? | 
firstly 
EA 
Er enne 3 
V [gai] 
and 


1 EN Ei [pau] 


Ges hea | 


Further, putting 

Vi gia | Rey Ee 
Van ’ Fe we eke Vans 

X = § [ga], Y=y[Kb7)], - Z=S[gKe7),-- 


the n + r + N equations pass into 


Ph = kh 


kh 
a e+ ay + ab tn ld So Raat 
Gijs oa bn + jn + LS EN KEREN) 


faze; =d, [ork | = 0, LNA 
whence 


Example: 2 equations of observation with 2 variables and 1 
condition. The unit-veetors a and 6 determine a plane Ry(N=2), 
the plane of the variables. This plane cuts the plane of observation 
R,(n—=2) in the line ey ,(N-——r==1), which thus coincides with 
the line t. The line OP is drawn in the plane Zi, perpendicular to 
on. (9. Through the extremity M/ of the vector ® a line is drawn 
parallel to OP; this line cuts the plane Ry of the variables in M’. 
The vector IM’ =//= PO is the correction-vector ® . OM’ is resolved 
in the directions a and 6 into the components OA = % and OLD. 
The lengths of these lines represent the most probable values of the 
variables A and JS. 

The line PQ is perpendicular to the plane Ay and meets the 
normal 2, (line of condition), erected in V on £&,, in the point Q. 
The vector OQ is called 8’. 
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The space joining ov, with F, is here the plane S'y. The plane 


Fig. 2. 


erected in OQ perpendicular to %, intersects S'y in the line &, which 
therefore is perpendicular to B and &. So A and JM are projected 
on § in the same point Ag. 

The normal plane A As M of g cuts t in a point 7, the distance 
of which to O amounts to MM, (with mean error ¢). The mean error 
es of A, thus has the value es —= € cos (8,t), and that of A the value 
Es COS (8, t) 
= here (8,0) — cos (8,0) 


V. The errors (residuals) of Mf,,M,,.. M4, are K,, K,,.. Kn resp. 
The sum of their squares is | ,?| = A®. 

For the ease that no equations of condition are given, S must be 
perpendicular to fy. So & may dispose of a space of n—N dimen- 
sions (the normal space of /?y). Hence & has n—N components, 
all with the same mean value ¢. Consequently 


Kk? = (n—N) Xe? 


hence 
LK] 
= _ 
n—N 
In case p conditions are imposed, ® may dispose of the space S 
of n Hr — NV dimensions. Consequently $ now has n+ »— N 


components, all with a mean value «. In this case we have therefore 


ZE L Kr] 
ndv—_N 


501 


Physics. — “On the measurement of very low temperatures. XXIV. 
The hydrogen and helium thermometers of constant volume, 
down to the freezing-point of hydrogen compared with each 
other, and with the platinum-resistance thermometer. By Prof. 
H. KAMERLINGH Onnes and G. Horst. Communication N°. 14a 
from the Physical Laboratory at Leiden. 


(Communicated in the meeting of May 30, 1914). 


§ 1. Introduction. The measurements which this paper deals 
with bring the investigations undertaken in Leiden for the purpose 
of establishing the scale of the absolute temperatures as far down 
as the freezing point of hydrogen, to a conclusion, in so far that a 
direct comparison has now been made between the helium and 
hydrogen scales, by measurements with a differential thermometer, 
which had the object to test the corrections to the absolute seale of 
temperatures below 0° C., obtained separately for the helium scale 
(in XIX of this series) and the hydrogen scale (partially given in 
XVIII of this series *)). For the place which the mutual control of 
these corrections occupies in the more general investigation of the 
measurement of low temperatures which is being carried out in 
Leiden, we refer to § 6 Suppl. N°. 34a. The test could be extended 
as far as the freezing point of hydrogen, after the compressibility 
of hydrogen vapour had been determined by KAMERLINGH Onnas and 
pe Haas, Comm. N°. 127c. (June 1912) *). Our comparison of the 
helium scale with the hydrogen seale *) by means of the differential 
thermometer to which was added a new calibration of the Leiden 
standard platinum thermometer P/ (formerly Pt; shows that a 
very satisfactory agreement has been attained in the temperature 
determinations. 


1) Compare also H. KAMERLINGH ONNES, C. BRAAK and J. Cray, Comm. 
N°, 101a. (Nov. 1907) § 1 under 45. 


*) In this Comm. a difference was discussed which existed between the tempe- 
rature determination with a hydrogen thermometer according to the resistance 
thermometer Pé7', which was calibrated by means of it and the temperature deter- 
mination by extrapolation of the isotherms. According to calculations by Dr, 
KEESOM, suggested by SACKUR's interesting investigation, this deviation might be 
connected with the theory of quanta (Comp. Suppl. N°. 30 and N° 34a § 11). 

5) The comparison of the hydrogen and helium thermometers by TRAvrrs, 
SENTER and JAQverop, Phil. Trans. A 200 (1903), p. 105, has been discussed 
in Comm. N® 102, In general their results are in good agreement with our 
measurements, 
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§ 2. Apparatus. Two identical thermometers of Jena glass 1611, 
such as had been formerly used by H. KAMERLINGH Onnes and C. 
BRAAK. were connected to one manometer. The arrangement was 
otherwise exactly the same as that used before. The standardmeter 
was divided into '/, m.m. and allowed a direct estimation of '/,, m.m. 
This gave a considerable saving of time, as it made the use of the 
measuring eye-piece of the cathetometer unnecessary. The amount 
of gas in the capillary was measured by an auxiliary capillary of 
much larger section, as described by Crarpurs. 

Besides the two thermometer bulbs, the eryostat contained the 
platinum resistance thermometer P#/ and a large pump, which 
provided for a good circulation of the liquid. 

The hydrogen and the helium were purified by distillation, and 
were both free from other gases. 


§ 3. Calculations. The temperature for each of the thermometers 
forming the differential thermometer was calculated from the formula 
given in Comm. N°. 95e, but with a few alterations. The expansion 
of the glass f(f) of the bulb was not calculated from the quadratic 
formula given there, but taken from a graphic representation in 
which the curve was drawn through the points experimentally deter- 
mined and extrapolated. by means of the expansion for a different 
kind of glass as determined by Cu. LiNDeMaNN. The influence of the 
different temperature function for the expansion of the glass is 
about 7/,,,° at hydrogen temperatures, at all other temperatures it 
is negligible. Moreover the volume was divided into three parts. 
a. The bulb at the temperature ¢ of the bath. 4. The capillary in 
which the mean density of the gas was determined, by means of 


h 
the auxiliary capillary: the mean density is proportional to a uly 
i 


being the pressure in the auxiliary capillary at O°, / the measured 
pressure. c. The steel capillary and the volume about the point, the 
temperature of which is the same as that of the room. 

If we divide all the members of the above mentioned equation 
by the volume of the bulb it becomes 


I; > 8 Veap h, V dead vol 2 73 
or ADH ek ela) + (1-4 at) = 


1 aa at 8 V, 7, 7 zi 
= if. 1 ail B | Veap h, Ja Vijcad ‘ol 3 
V 0 |e h 45 (ee at; 


The provisional temperature, which is needed for the calculation 
of the various corrections, was calculated from the resistance of Pty. 
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Even = gives this temperature with sufficient accuracy. The zero- 
0 

pressure for the hydrogen thermometer was //,= 1191 m.m. 5, for 
the helium thermometer //, = 1124 m.m. Circumstances unnecessary 
to be mentioned here, had prevented these pressures from being made 
more equal. A new set of determinations in which this will be 
attended to is planned. The pressure coefficient of hydrogen at the 
above mentioned pressure was taken at 0.0086628 ; for helium at 
0.0036614, the value derived by KAMERLINGH ONNES 5 from the 
isothermals at O° C. and 100° C. If we calculate with the pressure 
coefficient 0.0036617 deduced from the isothermals of 20° C. and 100°C. 
we find, after the introduction of the necessary corrections, almost 
the same temperature on the absolute scale. 


§ 4d, Arrangement for the resistance measurement. In order to 
measure and to compare resistance thermometers two identical differ- 
ential galvanometer circuits were fitted up according to KonLRAUSCH’s 
method. Both galvanometers can be read from one place, so that 
nearly simultaneous measurements can be made. This removes all 
irregularity in the temperature of the bath in the comparison of 
resistance thermometers. Two moving coil differential galvanometers 
from Hartmann and Braun were used. With an additional resistance 
of +1000 2 in each of the coils these are eee aperiodic in 
the measurement of resistances less than 130 2, as with all our 


1 
other thermometers. The sensitivity is sufficient to measure Tani 2 


with a current of + 5 milliamperes, while the condition of propor- 
tionality between deflection and current-strength is very well fulfilled. 

Test-measurements have shown, that with this arrangement resist- 
ances of about 100 2, such as our thermometers have at ordinary 


1 
temperature, can be compared to Tao without any difficulty. Our 


1) At these pressures even at the melting point of hydrogen no attent.on need 
be paid to the thermo-molecular pressure according to KNUDseN (Comp. Suppl. 
NO, 34 § 7 and a Comm. by H. KAMERLINGH ONNES and 8S. WEBER which is 
shortly to be expected, on the determination of the temperatures which can be 
obtained with liquid helium). 

*) H. KAMeRLINGH Onnes. Gomm. No. 1025. The value is here increased by 0.0000001, 
in consideration of the value 273.09 since assumed for 709 ¢, Comp. H. Knee 
Oxnes und W. H. Keesom. Die Zustandsgleichung. Math.Enz. V 10, Suppl. No. 23, 
Einheiten c, and § 820. 
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experience with moving coil differential galvanometers, for this purpose 
at any rate is very favourable °). 

In the manner described we attained a much greater rapidity of 
measurement than was possible by the method described in the 
previous papers of this series, and this in its turn increases the accuracy. 

We must also refer to our experience with thermometers in which 
the wire was sealed to the glass (Comm. N°. 955 § 1). For tempe- 
ratures above that of liquid air they are not unsuitable, although 
even here they are less constant than those with a free thread. 
After immersion in liquid hydrogen their resistance was found to 
have increased by about one tenth of an Ohm. Each further immers- 
ion in hydrogen carried with it a permanent change of resistance, 
so that we replaced these thermometers by other ones with free 
threads wound on porcelain tubes with a double screw thread baked 
in. After a thermal treatment, consisting in several immersions in 
liquid hydrogen followed by moderate heating, these became satis- 
factorily constant. 


§ 5. Results. In the following table the results of our researches 
are found. The two first columns contain the hydrogen and helium 
temperatures calculated from the formula given above. Column 3 
and +4 contain the corrected temperatures on the absolute scale 
deduced from the hydrogen and from the helium thermometer, 
column 5 contains the resistance of the platinum thermometer P/. 

The agreement is on the whole very satisfactory. 

We have already mentioned that with thermometers of the kind 
described an accuracy of about */,,° might be expected. Our meas- 
urements show this to be the case; only in a few points larger 
deviations occur. These can readily be explained by a small defect 
which will be avoided when we repeat the experiments, namely that 
the cryostat which had to be used was not quite symmetrically 
built. When both auxiliary capillaries worked properly this was 
not of much consequence. But (except fortunately in the determina- 
tions most important for us viz. at the hydrogen-temperatures) the 
helium capillary got out of order, so that the distribution of the 
temperature of the stem of the helium thermometer had to be deduced 
from the observations with the hydrogen capillary. This circumstance 
has the greatest influence at temperatures at which the methyl 
chloride and the oxygen evaporated under reduced pressure, and it 
is exactly there that the greatest deviations o¢cur. 


1) Compare Jaeger, Zeitschr. f. Instrumentenkunde 1904. 


TABLES 
| age | "He | Or, | Ope W per 
| 0 135.450 
| 1 | — 23.96 | — 23.904 | — 23.96 | — 23.04 | 122.613 
| 2 | 43.09 43.07 43.09 43.07 112.278 
4, “or 61.49 61.50 61.49 | 102.280 
find | 19.57 79.51 19.57 79.51 92.422 
| 5 | 102.72 102.69 102.70 102.69 19.674 
6 | 118.58 113.55 113.56 | 113.55 | 73.620 
7 130.46 130.41 130.43 130.41 64.189 
8 182.88 182.81 182.82 182.79 34.180 
9 186.79 186.70 186.73 186.68 31.904 
10 195.24 195.15 195.18 195.13 26.988 | 
11 204.79 204.69 204.71 204.67 21.491 | 
12 212.61 212.52 212.52 212.50 17.097 
13 216.25 216.15 216.16 216.13 15.119 
14 252.80 252.68 252.66 252.64 1.924 
15 256.23 | 256.10 256.08 | 256.06 1.601 
16 258.56 258.41 258.39 | 258.31 | 1.453 
17 252.80 252.66 | 1.925 
18 253.78 253.64 | 1.819 
19 255.20 255.05 | RN: 2 
20 257.22 251.05 | 1.531 


The readings of Pt; allow a comparison with the measurements 


of 1906—1907. 

W 
In fig. 1 the deviations from the linear formula t= — 243 + 243 rg 
0 
are represented for all three calibrations, at temperatures above 
—- 217°C. The circles refer to the calibration of 1913, the triangles 
to 1907 and the squares to 1906. For the calculation of temperatures 
in this field the above formula with the deviation curve belonging 

to it has been recently used in the Leiden researches. 


The differences between the calibrations of 1918 and 1907 are 
less than */,,® of a degree throughout. The fact that the differences 
with the first calibration (4906) are more considerable must un- 
doubtedly be attributed to the mechanical treatment of the wire: 
after the first calibration the wire broke, and had to be re-wound. 
It must be ascribed to chance, that the deviations are so small just 
at the points of the second calibration. 


§ 6. The field of utility of the platinum resistance thermometer 
at low temperatures. Resistance thermometers for other fields of tem- 
peratures. The curve in fig. 1 shows at once the peculiar behaviour 
of platinum below — 200°. At this temperature a change of direction 
in the line which gives the resistance 
as a function of the temperature is 
sharply marked. In fig. 2 the deviations 
from the formula given above in the 
oxygen field are once more represented 
(circles) and also those for the thermo- 
meters PP (squares) and ZP, (triangles), 
which were also directly compared with 
the hydrogen-thermometer by Dr. C. 
Dorsman and us. It is clear from the 
curves that we have to deal with a 
specific peculiarity of platinum, which 
makes it very unsuitable to be used 
as a thermometer in this field, as accurate interpolations are im- 
possible. For this reason in the field of temperatures below —200°C. 
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a gold thermometer is preferable to a platinum one, as has already 
been pointed. out by KAMERLINGH ONNEs and Chay’). 

At hydrogen temperatures both platinum and gold are no longer 
approximately linear. Here and at helium temperatures manganine 
and constantin proved to be nearly linear and fit for resistance 
thermometers. Concerning these we refer to a future comm. dealing 
with resistance measurements in particular for the determination of 
the specific heat of mercury at helium temperatures. 

§ 7. Comparison of our thermometer Pt] with other platinum 
resistance thermometers. Comparing our measurements with those of 
F. Henning ®) formulae of the form: 

a°.N 


ce 


N 
AR = M(R—1) + N(R—1)? ande! = M= —(1—1000)—1. 


were used. This was done because there were objections to a direct 
determination of the temperature coetficient by measuring the resistance 
of Pf; at O° C. and 100° C. which since the first calibration had 
never been brought to a temperature above the ordinary. We found 


Ww W 
k= — R= — 
W, W, 
{ (K.O.andH.) (Henninc) 10°AR R—1 
—- 23.96 0.90523 0.90449 74 0.09551 
43.09 0.82893 0.82775 118 0.17225 
61.50 0.75511 0.75340 Lal 0.24660 
(2.30 0.68233 0.67989 237 0.32011 
102.72 0.58822 0.58492 330 0.41508 
113.58 0.54359 0.54007 352 0.45993 
130.46 0.47389 0.46986 408 0.58014 
182.88 0.2523 0.24686 548 0.75314 
186.79 0.23554 0.22998 556 0.77002 
These numbers give: M= — 0.0078758 
N = — 0.0007605. 
And further oe == 0 TOS 


100e/ = .-0.38821 

From the results it appears that our platinum thermometer, as 
regards its constants, lies between the platinum thermometers N°. 1 
and N°. 7 used by Hennine in his investigation. This was to be 
expected, as these thermometers, like ours, were obtained from 
Herarus, N°. 1 and P#/ being of earlier date. The difference with 
the values calculated by Henning is caused by the fact that his 
caleulation was based on our calibration of 1906, which differs from 
our present one and that of 1907 (Comp. § 5). 
~ 1) Comm. N°, 95. Used also by Grommenty, Comm. N°. 140u. 

2) Ann. der Phys. 4te Folge Bd. 40, 19138, 
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Physics. -— “On the electrical resistance of pure metals etc. IX. 
The resistance of mercury, tin, cadmium, constantin, and 
manganin down to temperatures, obtainable with liquid hydrogen 
and with liquid helium at its boiling point.’ By Prof. H. 
KAMERLINGH ONNES and G. Hoist. Comm. N°. 142a from the 
physical Laboratory at Leiden. (Communicated by Prof. H. 
KAMERLINGH ONNES). 

(Communicated in the meeting of June 27, 1914). 


§ 1. The resistance of wires of solid mercury. 
Several mercury resistances were compared with the platinum 
resistance thermometer /7/ of the laboratory, first in liquid oxygen, 


T | ug obs. W calc, AW 
< 4.19 supra- 
conductor 
4.19 0.0560 0.479 0.421 
4.27 0.0600 | 0.489 0.429 
4.33 0.0636 0.496 0.432 
4.37 0.0656 0.500 0.434 
14.57 0.9390 | 1.667 0.728 
15.78 1.069 1.806 0.737 
17.89 1.298 ACN 0.749. | 
20.39 1.563 2338. | 0170, u 
80.92 8.086 | 9.261 1.175 
90.13 9,088 10.316 1.228 
11652 | 12,000 13.337 1.337 
122.81 12.694 14.056 | 1.362 
132.72 13.800 15.190 1.390 
141.83 14.855 | 16.233 1.378 
154.22 16.354 17.651 1.297 
165.80 17.806 18.976 1.170 
184.92 20.311 21.164 0.853 
21869 | 24716 | 25.029 0.313 
233,53 26.694 | 26.731 | 0.037 
234.16 26.800 26.800 | 0.000 
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then at a number of other temperatures, with the differential-galvano- 
meter according to KonrravscH’s method. 

The result of these determinations was as shown in the table (7 == 
temperature on the KeLviN seale, with Zooc. = 273°.09) 

In the third column are given the values, which would have been 
obtained, if the resistance diminished linearly from the melting point 
down to the absolute zero. 


Te fh 
Weme = Ve SS 26.800 = 0.11445 7. 
pee ae 234.16 
er - Column + gives the deviations 
Aw 5 ; : 
es of the real values of the resistance 
Oe + from those, calculated by means 
ve \ of the linear formula. These devia- 
wo tions are also plotted in the figure. 
N The relation between electrical 
ms} resistance and temperature seems 
to be of a very complicated 
a \ character. 
O 
; \ § 2. Direct determination of the 
change in resistance at the melting- 
9 \ | point. 
) Ei) 100 150 200 250 . 5 3 
"Gea See Of two resistances, which were 
Fig. 1. frozen without auxiliary bath, the 


change in resistance in melting was determined directly. The first 
consisted of a narrow capillary filled with mercury, section + 0,0015 
mm’. At — 49°.88 the resistance was 25.095 2, immediately above 
the melting point 115.0 &, 


Whig 


the ratio Ou: 


sol 
The second capillary had a section of 0.43 mm’. With this resis- 
tance the ratio 4.50 was found. 
As a preliminary value of the melting point — 38°.98 C. was found.') 


§ 3. Indirect determination of the change in resistance at the 
melting point. 

During the numerous determinations of mercury resistances in 
liquid helium (Comm. N°. 133), we always measured the resistance at 
ordinary temperature too. By means of the resistances of solid mercury of 


1) Our measurements date of 1912, In the meantime was published the paper 
of F. Henninc Ann. d. Ph. (4) 43 p. 282, 1914 who finds —38°,89 C, 
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§ 1 and of the well-known behaviour of liquid mercury, we calculated 


Wig 


in each case the ratio —. 
Wsol 

As in these experiments the mercury resistance was suspended in 

a vacuum-vessel cooled from the outside, the freezing took place 


very slowly. 


We found: | 
23 May 1911 4.40 
ao. # i: 4.63 
2 Met. aan 4.41 
4.84 


12 Jan. 1912 4.30 wo 


5.06 W130 


47 Febrssn: 4.69 
4.19 
19 eae re 4.30 
14 shine =. 4.37 
4.90 


As probably the highest figure thus obtained comes nearest to 
the true value of the ratio, we will be not far from the truth, if 
we assume the number 5 for the mean ratio. 

This result has also been found by Barrrvszaoris *), who obtained 
4.90 as highest value in his melting-experiments. 

It is remarkable, that the ratio of the change with temperature 
of solid and liquid mercury is also about 5; the increase of resistance 
per degree remains thus fairly constant in melting. 


§ 4. Some determinations of the change in resistance with the 
temperature of metals and alloys. 

a. Object of the experiments. We made a series of determinations, 
mainly for orientation, about the change of resistance of different metal 
wires down to helium-temperatures. The purpose of those determinations 
was to find a metal or an alloy, which could be used asa resistance 
thermometer down to the lowest helium temperatures. The results 
of these measurements are plotted in figure 2. Of special interest is 
the behaviour of manganin and constantin. While with copper, tin, 
iron and cadmium no further change of resistance could be established 
in the region of the lowest temperatures, it appeared, that the resistance 
of manganin diminished considerably and in a linear way with the 
temperature, from the lowest oxygen temperatures down to the region 
of the helium temperatures. So that wires of manganin might be 


1) A. Batrauszastis, Cracovie Bull. Acad. Nov. 1912. 


Fig. 
used equally well as wires of constantin (the suitability of which 
was shown on a former occasion), as resistance thermometer in 
this region of temperatures. 

h. Pure cadmium and pure tin. 
east in a glass tube like mercury 
wire was cut on the lathe. 


2. 


Pure cadmium (KAHLBAUM) was 


. From the tin (KAnLBAUM) a thin 


Resistance 


Resistance | 


| : | of tin ; pos GEM 
| | | 
| | 
| 165 | 271103 166 | 767 10-30) 
| --183.2 | 662 | 1832 20.9 | 
—2014 | 46.9 —201.2 | 15.7 | 
| 252.9 | 290 {2529 | 145 | 
Poorses) 418. | 2593 | O58 | 
| 268.9 | 0.132 — 268.9 0.032 | 


c. Copper and iron. The copper wire was made of commercial 
electrolytic copper’). The iron was from Sweden (Kolswa II). It 


1) W. Meissner (Verh. D. Phys. Ges, (16), 262, 1914) used much purer copper. 


In his determinations the resistance at 
only 0.26 °/y of the resistance at O° CG. 


the boiling point of liquid hydrogen was 
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had already been used by Dr. B. Beckman for measurements con- 
cerning the influence of the magnetie field on the resistance. 


| j | W copper W iron | 
| == 183 | 34.5 3.90 

— 201.7 24.7 3.05 

— 253.5 10.5 2.04 

— 269.5 10.0 2.00 

— 272.0 10.0 2.00 


The resistance approaches here to a definite limiting value, in the 
same way as this has already been found for other not quite pure 
metals (Comm. N°. 119). 

d. Constantin and manganin. The temperature coefficient of con- 
stantin which is extremely small even down to oxygen temperatures, 
increases considerably in the region of the hydrogen temperatures, 
so that constantin wires are suitable thermometers in this region 
and especially in the region of helium temperatures. 


| T | Weonstantin Teale. T-Teatc,| 
| 0075 | 145.680 | | 
65.18 | 144320 | 
20.36 | 138.259 20.36 0.00 
18.985 | 137.988 19,00 | —001 | 
1733 | 137.662 1137 | —004 | 
| 15.83 | 137.3555 | 15.83 0.00 
14.32 | 137.050 14.30 0.02 


Fene are the values ealeulated by means of a linear formula of 
the form 
t=a-+ bw 
through the points at 20°86 and 15°.83. The deviation does not 
amount to more than O°.04 and shows thus the suitability of con- 
stantin wires as thermometers in the hydrogen region, where the 


platinum-thermometer would require complicated calibrations (comp. 
Comm. N°. 142c). 


er 


| 0 W manganin 


| 
165C| 124.20 
—183.0 119.35 
—201.7 117.90 
—253,3 113.42 
—258.0 112.91 
—269.0 111.92 

15 Meen) 

| 


e. Gold. With a view to measurements of specifie heats, which 
will be published before long and to investigate the suitability of the 
gold-thermometer in the region of oxygen- and hydrogen-temperatures, 
we determined the resistance of a gold wire at a great number of 
temperatures in those regions.') The result shows, that in the region 
of the reduced-oxygen temperatures (mainly below — 200° C.) the 
gold thermometer does not give rise to the difficulties, which make 
the platinum thermometer nearly worthless in that region (Comm. 
N°. 141¢ § 6 and fig. 2). 


| 


| | 
Resistance | 
; | 


of gold 
14.18K 0.2910 
(1583 | 0.3037 | 
| 17.30 | 0.3190 
19.00 | 0.3412 
20.35 0.3621 
EE |) 22901... | 
| 72.58 | 2.6163 | 
8331 3.2312 
| 87.99 3.4710 
“90.75 | 36110 | 
| bet 


1) Calibrations of other gold wires will be given in the paper by W.H. KEEsom 
and H. KAMERLINGH ONNES on specific heats Comm, NO, 143, 
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Physics. “Further experiments with liquid helium. L. The persistence 
of currents without electro-motive force in supra-conducting 
circuits” (Continuation of J). By Prof. H. KAMERLINGH ONNES. 
Communication N°. 1415 from the Physical Laboratory at 
Leiden. : 


(Communicated in the meeting of June 27, 1914). 


§ 9. The preservation of an electro-kinetic momentum. All the 
phenomena that were dealt with in the preceding sections (J) *) 
showing the persistence of the magnetic moment of the coil, 
without the actien of an electro-motive force, agree with what was 
deduced on the supposition that a current flows through the coil of 
the value caleulated, and which diminishes according to the time 
of relaxation calculated. At the same time, it was desirable to have 
a conelusive proof that the magnetic moment of the coil is really 
eaused by a current. We should then be able to prove conversely 
by. the continuation of the moment, that the time of relaxation of 
the current is very long, and a value, or otherwise an upper limit 
could be given for the micro-residual-resistance of the conductor in 
which this current flows. 

I got this proof in the following manner. 

On either side of the place, where the ends of the windings of 
the coil are sealed together and close to it, two wires hb, b (see 
fig. 2 and 1) were fixed which lead to a ballistic ealvanometer. 
Between these points of attachment the current can be cut through 
under helium, by pulling up by a thread a bronze Joop provided on 
the inside with a knife edge at m (see figs 3 and 1. Figs 1 and 2 give 

1) Disregarding the existence of threshold-values of current and field and consi- 
dering that, below these, supra-conductors add up algebraically without appreciable 
loss the inductional impulses which act on them in the course of time, two points 
of view may be very simply contrasted in connection with the experiments so far 
described on the production of currents persisting for a long time. 

The first is analogous to that taken up in Weper’s explanation of diamagnetism. 
In this case we deal with supra-conducting circuits which are currentless outside 
the magnetic field. By bringing these into a field currents may be obtained which 
persist as long as the field remains unchanged. But when the field disappears the 
circuits become again free of current. In this manner a good imitation is obtained 
of diagmagnetic polarisation. The other point of view may be called the antilo- 
gon of that of Weger. We provide in a magnetic field supra-conducting circuits 
which are free of current. When these circuits are brought outside the field, they 
show a current persisting for a long time. Outside the field they imitate permanent 
magnets. It must, however, not be lost sight of, that this imitation is in so far 
incomplete, as when the circuits are brought back into the field, they return to 
the currentless condition. 


515 


| & combined view of the experiments of se: 
tions 9 and 11). The thread runs through a 

Ai SPs 
4 tube, the lower part of which is of glass and 


can be moved by means of a rubber-tubing 
attachment at the top of the apparatus (fig. 1). 
The coil was cooled to 2°.4 K. in a field 
of 200 gauss by helium evaporating under 


| reduced pressure. The current was again 

sl produced through induetion by removing the 

{| } field. When the compass needle with the com- 
ta | pensation-coils was arranged, as before, beside 
=S | the eryostat, a moment corresponding to a 


| \ current of 0.36 amp. was registered. The 

observation was continued for an hour, in 

which the diminution of the current in 45 

minutes was within the limits of probable 

error of the measurement (2°/,); after this 

the circuit of the coil was cut through. The 

‚IN. needle of the compass fell back to a deviation 

\ a that eorresponded to a current of 0.05 amp. 

in the coil. The ballistic galvanometer (with a 

negligible self-induction and with 2000 2 in 

Fig. 1. Fig. Fig the circuit) showed an electro-kiretic momentum 

2. 3. Li of 300000, from which follows with L=10", 

that a current of about 0.3 amp. flowed in the coil. The remaining 

moment is again the same fraction of the principal effect as was 

observed previously, it was extinguished as soon as the coil was 

pulled up above the liquid helium. The experiment proves conclusively, 
that a current does really flow through the coil. 


§ 10. Further consideration of the momentum produced in the 
coil, when the circuit is not closed. Persisting Fovcaurr-currents. In 
the previous experiments the question arose in how far magnetic 
properties of the frame of the coil, which developed at the lowest 
temperatures had an influence, and whether a part of the moment 
that remained, when the coil, without the ends being connected, was 
cooled and exposed to the field, was due to windings which were 
short-circuited. For this purpose first of all a tube of brass, exactly 
like that used as the frame of the coil, was cooled in the field. 
It showed no residual magnetism. 

To get further light on possible short-cireuits in the coil Pb xr, 
after it had been shown that cooling in liquid air did not alter 

ot 

Proceedings Royal Acad. Amsterdam. Vol. XVIL. 
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its moment, a new coil of 650 turns was wound, in which the 
possibility of short-circuiting was excluded by insulation of the 
windings by picein and paper. It is true that the magnetic 
properties of these materials are not known, but from the extinction 
immediately above the boiling-point of helium of persisting current 
which was found in the course of the experiments it is almost certain, 
that the phenomena are entirely due to the lead. It was ascertained 
that this coil was superconductive, which was a welcome result also 
for the reason that the wire had been manufactured by compression, 
and this process gives a much better guarantee of getting the same 
product again by using the same method, and therefore of obtaining 
beforehand the certainty of the wires prepared in this way being 
supra-conducting. In making the experiment with 200 gauss at 2°.4 K. 
a residual effect of the same order as with Pbx7; was found, but 
smaller. The principal current was 0.5 and the residual current 
0.020 Amp. lt becomes probable, when these figures are compared 
with those found with Phx, , that in the latter there really is some 
short-circuiting, but there is also apart from the effect due to the 
short-circuited windings a moment caused by the lead. 

It seems as if in the mean time this may be attributed to circular 
currents in the lead of the wire, which are possible owing to the 
wire having a certain thickness. We must distinguish in the wire 
between an inside which is turned towards the axis of the coil, 
and an outside. In the wire, even when the circuit is opened, a 
current arises, in which the electricity passes along the whole 
length of the windings on the outside of the wire (that is not closed 
in itself), in order to turn round at the one end of the wire and 
go back along the internal side. With induction in the closed circuit 
this current is superposed upon the mean electric movement in 
the circulating current, so that in the wire there is say a stronger 
current on the outside, and a weaker on the inside. If by means 
of a galvanie cell a current is sent through the wire, the same 
phenomenon arises through the action of the field of the current 
itself. We are here evidently dealing with persisting FovcauLr- 
currents *). 


§ 11. A supraconducting key. In the experiments so far de- 
seribed the supra-conduecting closing of the conductor tested for supra- 
conductivity was obtained by melting the two ends together. Now 


currents could also be made with parallel currents and supra-conducting experi- 
mental objects. 


si? 


that these experiments had proved that a current generated in a 
eireuit which is supra-conducting over its whole length, continues 
without electro-motive force, we could investigate in how far an 
electric contact interposed in an otherwise supra-conducting circuit, 
measured by the amount of conductivity of supra-conductors, might 
be considered as having no resistance. The immediate cause of this 
investigation was a suggestion made by my colleague KveNeN, whether 
the current the relaxation period of which was to be studied, 
might not be obtained in the coil by short-circuiting. 

1 thought then, that the transitional resistance in a contact to 
be manipulated under liquid helium could hardly be made small 
enough for this purpose. The transitional resistance of a stop- 
contact treated with all due care at ordinary temperature is not 
likely to be less than 0,0001 2, which is still 100,000 C.G.S. while 
the micro-resistance of the coil itself is only 37. It has now been 
found, however, that transitional resistances such as we are con- 
sidering can become very small at low temperatures. A quite moderate 
pressure, between two pieces of lead appeared to be sufficient for 
the purpose. The arrangement is shown in Fig. 2. The small lead 
plate p, provided with three small cones directed upwards and 
connected with the coil through a spirally-wound part of the lead 
wire which acted as a spring, is attached to a thin rod (partly formed 
of wood) and was pressed against the block soldered to the glass tube 
by screwing up the rod, the force being accurately regulated by means 
of a spring (see top of fig. 1). The tube is provided with a number 
of side-openings to prevent the very much intensified heat convec- 
tion (caused by resonance phenomena) which occurs in tubes closed 
at the top when the bottom is at a very low temperature, and 
which would lead to excessive evaporation of the helium. 

3y means of this simple key we were enabled to arrange the 
following experiment. To each extremity of the windings of the coil 
two wires were attached (fig. 1 and 2). By means of the one pair aca 
current can be sent through the coil. The other pair 44 can be con- 
nected to a ballistic galvanometer. Moreover the two ends are connected 
to the two parts of the supra-conducting key. With the key and the 
galvanometer open, a current is sent through the cooled coil, in 
the neighbourhood of which the compass-needle has been mounted. 
The coil is then closed in itself, which gives no change in the 
deviation of the needle. One can then convince oneself as long as 
one likes, that the side-current, which in ordinary cases is imme- 
diately extinguished, remains unaltered in the supra-conductor; the 
galvanometer connection is then closed, which also brings no change 
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in the current, and if thereupon the current connection is opened 
this is accompanied by a throw of the ballistie galvanometer in the 
eircuit of which the current is instantly extinguished and by a return 
of the needle of the compass into the position which it would also 
take up, if the current in the closed coil had been generated by a 
magnetic field equal to that of the current itself. The continuation 
of the movements in’ Maxwe.i’s mechanism, when it has a supra- 
conductor as carrier, is demonstrated by this experiment with equal 
clearness and simplicity. 


§ 12. Combination of parallel currents into one of greater strength. 
In trying to make the same experiments with mercury that we have 
made with lead, it will be necessary in so far to change the experiment, 
that one winding will be sufficient. This might be got by freezing 
mercury in a capillary tube returning in itself with an expansion 
head (like our other U-shaped mercury resistances). The chief 
questions then are 1) if with a conductor of as large a section (keeping 
for the present to the circular form) as would be necessary, with a 
view to the threshold value of current density, in order to get an 
action comparable to that with the lead coil, the threshold value of 
eurrent density — of which as in N°. 133 it is assumed that it is 
determined principally by the current density — does not undergo 
a considerable diminution in consequence of the larger section, as 
some considerations in N°. 188 would make us fear, and 2) if we 
ean reckon with the microresidual resistance as an ordinary resist- 
ance even for such a completely different section as that for which 
it has been determined. An inducement to try the experiment imme- 
diately with a lead ring*) was a remark by my colleague Enrenrest, 


1) 1 am glad to mention here that Mr. J. J. Taupin CHasor of Degerloch 
(Wiirttemberg) shortly after my paper on the disappearance of resistance in mer- 
cury and, as | found afterwards, only acquainted with my result, that the résist- 
ance of gold and platinum in an absolutely pure condition would probably disappear 
altogether at extremely low temperatures, communicated to me a number of suggest- 
ions regarding the condition into which meta's pass below this temperature and 
which he would like to be considered as a distinct “fifth” state of aggregation. 

Amongst these suggestions was the following: “if a ring (of gold) is brought 
to the condition of absolutely no resistance (in helium), an impulse (viz. by in- 
duction) will be sufficient to produce a permanent current, which will make the 
ring into a magnetic shell, as long as the temperature of the metal remains below 
a certain critical value’. By critical value was meant — not the vanishing point 
as discovered afterwards — but the temperature characteristic of each metal at 
which, according to my earlier views, the resistance of the pure metal would 
become zero independently of the current-strength. The idea, however, underlying 
this speculation — which was further developed by supposing the cooled ring to 
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that the experiment could be made equally well with the windings 
“parallel” as it had been made with the windings in “series”. A 
calculation (by estimation and further proceeding in the same way 
as with the coil) about the experiment with a lead ring of an internal 
radius of 1.2 em. of a thickness of 0.3 em. and of a width of 
0.35 em. and assuming that the threshold value found for the thin lead 
wire would also hold for the thiek ring, showed me, that it might 
succeed very well. 

This proved to be the case. The current of 320 amp. that was 
registered in the ring remained constant for half-an-hour to 1°/,, hence 
the current density of 30 was in this experiment not much smaller 
than it had been in one of the experiments with the coil of lead 
wire, viz. 49. This may for the present be regarded as a confirm- 
ation of the supposition that the threshold value of current strength 
of a conductor is mainly a threshold value of current density for 
the material of the conductor. 


be subjected to a magnetic field which was to be removed afterwards — was also 
applied in my experiments for the purpose of obtaining persisting currents in supra- 
conductors, and in the above iast experiment actually with a ring as the conduct- 
ing circuit. 

At the time I was so much occupied with the investigation of the peculiar laws 
of electric conduction in mercury below the vanishing-point and of the degree to 
which currents might be realised in resistanceless circuits without electromotive 
force, that I had not yet attacked or was able to fully go into the problems relating 
to currents to be generated in closed supra-conductors by induction (amongst which 
problems that of the imitation of diamagnetic polarisation was an obvious one). 
Still Mr. Taupin Cxazor’s letter was the cause of my coming even then to the 
conclusion, that in order to be able to obtain persisting currents outside the magnetic 
field by induction, an artifice based on the peculiarity of supra conductors was 
required. As such I then found, that the cooling which is to make the conductor 
supra-conducting is not applied, until the conductor is in the field which 
is to be used for the induction. Afterwards it was found, that by utilizing the 
knowledge of the threshold values of current and field circumstances may be realized, 
in which a permanent current may be obtained outside the field by induction on 
a circuit which has been made supraconducting by cooling before the field is applied. 
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Physics. — “Further experiments with liquid helium N. Haur-effect 
and the change of resistance in a maynetic field. X. Measure- 
ments on cadmium, graphite, gold, silver, bismuth, lead, tin 
and nickel, at hydrogen- and helium-temperatures. By Prof. 
H. KAMERLINGH Onnes and K. Hor. (Communication N°. 1425 
from the Physical Laboratory at Leiden.) 


(Communicated in the meeting of June 27, 1914). 


§ 1. Method. The method was the same as that used in the 
measurements of this series by H. KAMBRLINGH Onnes and BECKMANN 
(ef. Comm. N°. 129a and others). The notation is also the same as in 
the previous papers. As regards the Harr-effeet, we used both the 
method in which a galvanometer-deflection caused by the effect is 
read and the compensation-method, in view of the fact, that the 
latter, although in general to be preferred, as it allows the elimination 
of various disturbances, is very troublesome, when small effects 
have to be measured. The differential-galvanometer used was of the 
KerviN-pattern with a volt-sensibility of 5 >< 10-8 ; it was iron-shielded 
and was mounted according to Junius. As to the resistance measure- 
ments these were partly performed in immediate connection with 
the determination of the Harr-effect, in which case the resistance 
of the plate used for this purpose was at the same time measured, 
partly (by means of the compensation-apparatus) with wires which 
were wound on thin sheets of mica and could be placed either at 
right angles to the field or parallel to it, the latter specially with 
a view to investigating the considerable difference between the trans- 
verse and the longitudinal effect, which difference develops specially 
at helium-temperatures. 


§ 2. Bismuth. In accordance with frequent practice (e.g. by 
KAMERLINGH ONNES and BECKMANN) we used this substance in the 
form of pressed plates. The peculiarities in the resistance observed 
by Srremntz with conductors of compressed powder — although 
occurring also in our plates at higher temperatures were not 
observable, when the plates were cooled below 0° C. 

The plates which served for our investigation were pressed in a 
steel mould and heated to about 200°C. in an electric furnace. 
When made in this way the granular structure was still clearly 
observable with a magnifying glass. The plate iy; was made 
without special precautions; with plate Biyz, the metallic powder 
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was specially dried before moulding it. Bip; gave an abnormally 
high temperature-coefficient at higher temperatures and even after 
36 hours’ heating had not yet attained a constant resistance. 

The metastable condition which according to Professor E. Conrn 
is peculiar of most metals as mixtures of different modifications 
manifested itself also in our experiments. The plates after being 
heated in the electric furnace to 60° or 100° C. showed some dif- 
ference as regards resistance and Harr-effect after cooling, with the 
further peculiarity, that this change took place, although no change 
in the specifie gravity affecting the second decimal place could be 
established. 

The results are contained in tables I and II. 


TABLE I. 
Bip. 
H | lt | Resistance | —R Resistance | 
T=289° K || T=20°5 K 
2400 Gauss | 7.11 | 2.5°10-3 @ 3.7°10—4 
2420 , | 42.13 
4800, 6.68 | 38.95 
00h | 6.02 | || 35.44 | 
9650, 5.37 | | - 33.62 
a ; || 29.76 1.1°10-3 
een i 4.65 | 3.1-10-3 Q 
TABLE II. i, 
Bip 
H | —R | Resistance —R Resistance 
T=289° K T—20% K 
2420 Gauss 10.57 2.4.10—3 80.03 3.10—4 
4800, 9.48 PEN 
7200 «=, 8.11 15.15 
9650 1.26 72.51 
12000, 6.28 3.2.10-3 | 70.82 1.6.10—3 
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§ 3. Hart-effect in graphite. The great change in the properties 
of graphite through even small admixtures appears clearly from the 
fact, that with different kinds of graphite the temperature-coefficient 
of the resistance may even differ in sign. 

The material we started from in our experiments was fine graphite- 
powder, such as is used in eleetro-plating; the powder was first 
treated with acids and alkali and carefully dried; the forming of the 
plate was again carried out in a steel mould. The electrodes which 
gave some difficulty at first were finally contrived in the following 
manner: the powder was provisionaily moulded to a plate under 
comparatively low pressure, the stamp was then lifted off. and six 
small pellets of solder were laid on the plate, after which a high 
pressure was applied. By trial we succeeded finally in obtaining 
suitable plates of */, mm. thickness with six point-electrodes of about 
'/, mm. diameter, penetrating through the whole thickness of the 
plate. 

The influence of insufficient drying of the powder was very 
marked; such plates, as did not come up to standard as regards 
drying, did not reach their final resistance until the current had 
gone through for 6 seconds. 

The following table contains the results. It may be specially noted 
that the temperature-coefficient is positive and that the Harr-effect 
falls strongly from 20° K. to 14° K. 


TABLE III. 
Graphite. | 
DE CR 
| H | 290° K | 20°.5 K | 14°.5 K 
| en 
| | +R: +R: +R: 
4800 Gauss | _ 0.68 3.4 1.42 
6000 | 0.68 
7200 (8% 3.39 
8400, 0.68 1,52 
9600, 2.81 
11800 be, 0.74 2.22 1.52 


§ 4. The Haur-efject in cadmium. Two circular rolled-out Cadmium- 
plates of 1 em. diameter were experimented on. The results are 
found in the following table. 
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TABLE IV. 
Cadmium. 
H | 290° K | 20°.5 K | 14°.5K 
2 | = | eek Pe ot EEE 
| +R: | +R: | +R: 
3000 Gauss | - 13.410 
3600 4.6.10—4 | 
4800, | 20.2.10-4 | 22.3.10-4 | 
6000s, 6.3.10—4 | | 
Tand „20.6.10—4 | 234.104 
| 8490 » | 5.9.104 | 
9600, 19.6.10-4 | 22.3.10-4 
11800 | 17.6.104 | 19.1.10-4 | 
120007” 5, 5.5. 10-4 | | | 


§ 5. The Harr-efject at helium-temperatures. The method was the 
same as in the previous measurements. To check the results, measure- 
ments were made both with the compensation-apparatus and with 
the differential-galvanometer. Five different plates were experimented 
upon in the helium-bath. These were chosen so, that they could be 
regarded as representatives of metals for which the Harr-effect is of 
a different type. Each set of six wires from the six electrodes of 
one plate was completely separated from the other sets in the cryostat. 

The following plates were investigated. 

J. A tin and a lead plate: both metals are supra-conducting at 
extremely low temperatures. Lead remains supra-conducting up toa 
considerable threshold-value of current. It may be added that both 
are diamagnetic: as pr Haas has shown, the diamagnetic properties 
are of great importance for the Harr-effect. 

At hydrogen-temperatures the Harr-effect is still so small, that it 
escapes observation. It was found that at 4°.25 K. both with tin 
and lead the effect can be very well measured, when the tield is 
so high, that ordinary resistance is generated in the metals. As long 
as the field is low enough for the metal fo remain supra-conducting, 
the Harr-effect, like the ordinary resistance, disappears. 

2. A silver plate, as representative of the group of metals for 
which at the ordinary temperature the Harr-coefficient is of the 
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TABLE V. 


a $e 


Measurements in Helium. 


$1800 Den | 85.7 


H | R 
1. Sn (tin) 
a7 = 425 Kj 
11300 Gauss + 2.6.10—5 
hb. TK + 9.8.10—5 
| 2. Pb (lead) 
| a. AIK 
| 300 Gauss En Oet 
1000 => | <. 2.105 
5000 ran +08, 104 
11300 5 | + 18.104 
bres K 
300 Gauss < 6.105 
11300 5 + 1.3.10—-4 
3. Ag (silver) 
a. TM K | 
11300 Gauss 16.104 
b, A Se BK 
11300 5 16.104 
4. Ni (nickel) 
a. Tf=4°25 K 
1300 <7 5.1029 
11300 <. h.1058 
ie Oek 
11300 <a 
5) Wak 
4°25 KK 
1000 Gauss | | 86.3 
5000 sr | 84.2 
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order of magnitude 10—; silver is diamagnetic and does not become 
supra-conducting at helium-temperatures. 

As appears from the table, it was found that with silver also the 
Harr-effect increases, when the temperature falls to 4.°25 K. At 
still lower temperature it does not show any further change, no 
more than the resistance without a field. 

3. A bismuth-plate Biy7//, moulded from electrolytic bismuth- 
powder. Bismuth has a very high Haut-effect at hydrogen-temperatures 
and the change from 20° K. to 14° K. is still very small. It is the 
strongest diamagnetic metal. 

The table shows that below 14o K. there is not much further 
change in the Harr-effect. From 71 at 20° K. Ff rises only to 85 
at 4°.25 K. 

4. A nickel plate as representative of the ferro-magnetic metals. 
With nickel at higher temperatures the Harr-effect shows a tendency 
to saturation owing to the magnetisation of the metal (Comm. No. 129, 
130, 132). At hydrogen-temperatures the effect is still easily measu- 
rable; at helium-temperatures it disappears, although the resistance 
of the plate is still considerable. Probably this is connected with the 
fact, that notwithstanding the already fairly considerable field the 
magnetisation of the nickel is still very small. 

The results are collected in table V. (zie p. 577). 


§ 6. Change of the resistance in the magnetic field. It was found, 
that specially at helium-temperatures this change is very con- 
siderable, but that at 20° K. also it is still quite well measurable. 
In general there is a difference between the longitudinal and the trans- 
verse effects, which begins to show itself especially clearly at helium- 
temperatures. 

We shall give our results in the form of curves (figs. 1 to 6) on 
which the numerical values may also be read with sufficient accuracy 
by using the scale-values indicated in the figures. So far the meas- 
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urements both at hydrogen- and helium-temperatures have not gone 
beyond 12000 Gauss. They will afterwards be further extended to 
higher field-strengths especially at hydrogen-temperatures. 


4027 
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Fig. 2. 


Figs. 1 and 2 contain the results for the resistance of lead and 
tin in a magnetic field. The difference between the longitudinal and 


transverse effects was not more than the errors of the measurements. 
The abscissa gives the ratio of the resistance to that at O° C. 
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Fig. 3 and 4 represent the longitudinal and transverse effects 
for cadmium and for platinum. The abscissae give directly the 
resistance in Ohms. 


a sa toa 1so zoo 250 300 IT 


Fig. 5. 


Fig. 5 and 6 show the results for graphite, Fig. 5 the dependence 
of the resistance on the temperature, fig. 6 the dependence on the 
magnetic field. 

We have further made measurements on the resistance of a 
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plate of not-purified graphite. These are not concluded, however, 
and will be published later together with measurements on polarisa- 
tion-phenomena which may possibly show themselves with pressed 
graphite. 


Physics. — “Measurements on the capillarity of liquid hydrogen”. 
By H. KAMeRrLINGH Onnes and H. A, Kuypers. (Communication 
N°. 142d from the physical laboratory at Leyden). 


(Communicated in the meeting of June 27, 1914). 


For the determination of the capillary constant of liquid hydrogen 
in contact with its saturated vapour the method of capillary rise was 
used. The apparatus are in the main arranged in the manner as used 
for other liquid gases in Comm. N°. 18. On plate TA of Comm. 
N°. 107a may be seen that part of the apparatus 
which serves to condense the gas in the wide 
experimental tube (fig. 1), inside which is the capil- 
lary ; for this purpose the tube of fig. 1 is sealed 


- So mates 

The radii of the sections of the tubes were found 

by calibration with mercury as follows: 
radius of the capillary inside 7 = 0.3316 cm 
a Os vine a outside 7, = 0.0801 em 
5 ‚surrounding tube inside == 0.554 cm 
Measurement of the capillary rise. The reading 
of the ascension gave some trouble as it had to be 
made thrcugh a number of glass vessels and baths. 
The rise was measured with a cathetometer ; to test 
the accuracy of the readings they were taken one 
time on a millimetrescale which had been etched 
Fig. 1. on the capillary and another time directly on the 
scale of the cathetometer. When it was found, that there was no 
difference between the heights obtained in the two ways, they were 
afterwards only measured by means of the scale of the catheto- 
meter, because, when the cryostat was filled with the different liquid 
eases, the divisions on the capillary were difficult to distinguish owing 


to the rising gas-bubbles in the liquids. 

Temperature. The temperature was deduced from the pressure of 
the vapour in the hydrogen-bath using the vapour-pressure curve 
(H. Kamerrinen ONNes and W. H. Kersom, Comm. N°. 137d. table 


on page 41). 


Observations. The heights measured and the corresponding tem- 
peratures of the hydrogen are contained in the following table. 


Repeated measurements show, that the accuracy of the reading of 
the rise may be estimated at 0.002. 


TABLE I. 

| Temperature in Rise 

| KELVIN-degrees in cms. 
20.40 | 1.616 
18.70 | 1.794 
17.99 | 1.869 
16.16 | 2.064 
14.78 | 2.209 


The observed heights (2) have to be corrected for the curvature 
of the surfaces by means of the following formulae : (1) the correction 


Y he 
for the meniscus in the narrow tube is 3 1). (2) the correction for 


the ring-shaped meniscus is (according to VrrscHarreLT Comm. N°. 18). 


2d 
r\ (Rr) 
En GD Fan zen de 
Pr (Rr) 


For this correction the height of the ring-shaped meniscus, as the 
minor axis of the elliptical section with a meridian plane, is required 
to be known. With the illumination used this height could not be 
measured accurately. Afterwards for further correction we hope to 
be able to determine its value by special measurements: in the 
mean time the section was assumed to be circular with sufficient 
approximation. The corrected values are given in column 6 of table IT. 

When the capillary rise is plotted as a function of the temperature 
— fig. 2 —, a straight line is obtained. The constants determined 
from this line give the formula 


H= — 0.1124 7 + 40:44. 
This formula gives H=0 for Tyro cxtray. = 35.98 K. 
Assuming the critical temperature to be 7), = 31.11 K (mean of 
1) Larrace, Méc. Cél. Tome X, Supp. § 5, Paris 1805. 


id. , Oeuvres Tome IV, p. 415, Paris 1845. 
Autan Fereuson, Phil. Mag., p. 128, (6) 28, 1914. 
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Dewar, Onszewski and BULLE)') it is seen, that the formula, as was 
to be expected, does not hold up to the critical temperature and 
that the curve which gives the dependence of Hon the temperature 
has its concave side towards the temperature-axis. The difference 
TH=0extrap.— Tx for hydrogen amounts to 
Tro extrap. — Tr = 3.87. 
If Vr—oextrap.— T; is divided by the critical temperature the 


OF 


positive value — 
3.21 


ad 


= 0.125 is obtained. For methyl-chloride*) and 


ethylether®) similar values are obtained *). 
Surface-tension. From the capillary rise the surface-tension w, is 
found by means of the following formula: 


2, (- 1 ) 
Aas See CD ; 
(orig. — @vap. 9 \r Rr, 


The densities for liquid hydrogen are taken from the observations 
q ; gs 
by H. KAMERLINGH Onnes and U. A. Crommetixn (Comm. No. 1374). 


1) F. Bure. Physik. Zeitschr. p. 860, XIV, 1913. 

*) According to measurements by J. VeRSCHAFFELT; comp, A. v. ELDIK, 
Comm. N°. 39, p. 14. 

3) E. C. DE Vries, Comm. N°. 6. 

*) The corresponding figures (deduced, however, from not-corresponding tem- 
perature ranges) are 0.038 and 0.017 respectively. 
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For the calculation of the vapour-densities use is made of the second 
virial coefficient, as deduced from the measurements by H. KAMERLINGH 
Onnes and W. J. pr Haas (Comm. No. 127c). 
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With these data the values of w, in table II are calculated. Under 
O—C are given the differences between w, ops, and values of yp, calcu- 
lated from vAN DER Waats’ formula 

th, = A (118 
where 


Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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A= 5.792 
B= 0.9885 


From the value found for B it appears, that y, as a function of 
T is nearly a straight line. 

The constant in Eörvös’ formula for hydrogen deviates considerably 
from the value 2.12, found by Ramsay and SuimLps *) as the average 
for a number of normal substances. In Table III the values of Ap; 
for a few of these substances, together with those for some liquid 
gases, are collected. As observed by KAMERLINGH Onnes and Kersom 
(note 381 Suppl. No. 23), normal substances form a series in this respect, 
on the whole progressing with the critical temperature (although with 
deviations which may be ascribed to particularities in the law of 
molecular attraction, e.g. with oxygen). 


TABLE III. 

Ethylether 2) 2.1716 

| Benzene ?) 2.1043 
Argon 3) 2.020 

| Nitrogen 3) 2.002 

| Carb.monoxide3) 1.996 

| Oxygen 3) 1.917 

‚ Hydrogen 1.464 


A calculation of the constant 4’ in EiNsrTeiN’s formula *) 


9 
dw. iad 
5 — T— fos =k (Aap RT 
(» a), gree eee 


for hydrogen gives 
7.34 Xx 10 7 
The fact, that hydrogen appears to have a considerably higher 
value of £/ than that calculated by Einstein for benzene, might, in 
view of the theory underlying the formula, indicate, that the radius 
of molecular action is larger for hydrogen molecules than for sub- 
stances like benzene. 


h J. chem. Soc. 63 (1893); ZS. f. physik. Chem. 12 (1893). 

*) Ramsay and SmreLps ZS. f. physik. Chem. 12 (1893), 15 (1894). 
5) Baty and Donnan, Journ. chem. soc. 81 (1902). 

*) A. Einstein, Ann, d. Phys. 4 34, 1911. 
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Chemistry. — “The system: copper sulphate, copper chlorid, potas- 
sium sulphate, potassium chlorid and water at 30°”. By Prof. 
F. A. H. ScHREINKMAKERS and Miss W. C. pr Baar. 


1. Introduction. 


In previous communications *) we have discussed the quaternary 
systems: 
Cu SO, — Cu Cl, — (NH,), SO, — NH, Cl — water 
and Cu SO, — Cu Cl, — Na, 50, —NaCl — water 
Now we shall discuss the system 
Cu SO, — Cu Cl, — K, SO, — KCl — water, 
which we have examined at 30°. 
As solid substances occur at 30°: 
the anhydric salts: K,SO, and KCl, 
the hydrates: CuSO,.5H,O and CuCl, . 2H,0, 
the doublesalts: CuSO, .K,SO,.6H,O and CuCl, . 2KCI. 2H,O. 
Further a peculiar salt exists with the composition : 
Cu SO,. K, Cl, or K, SO,. Cu Cl, 
with or without one molecule H,O, while sometimes as metastable 
solid phase a salt with the composition: 
2CuSO, . 8K,Cl, . H,O 
has occurred. 
In fig. 1 the equilibria occurring at 30° are represented schematic- 


_ 1) These Communications 17, 586, (1909), 19 1222 (1911) and Zeitschr. für Phys. 
Chemie 69, 557, (1909). 
35* 
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ally, the sides of the quadrangle have been omitted, only a part 
of the diagonals with their point of intersection W is drawn. Fig. 1 
is not the representation in space of the equilibria, but thei pro- 
jection on the quadrangle. Before discussing the quaternary equili- 
brium, we will first consider the four ternary equilibria. 


2. The ternary equilibria. 


a. The system K,SO,— KCl— H,0O. 

Only K,SO, and KCl occur as solid phases; in fig. 1 the satura- 
tioncurve of K,SO, is represented by Ag and that of KCl by fg. 
Consequently point 4 represents the solubility of K‚SO,, point / the 
solubility of KCl in water; point g is the solution, saturated with 
the two salts. 

b. The system CuSO, — K,SO,— H,0. 

This system was examined already formerly’); as solid phases 
occur K,SO,, CuSO,.5H,O and the doublesalt CuSO,.K,SO,.6H,0. 
The isotherms of 80° and 40° are determined experimentally ; that 
of 30° is represented schematically in the figure. The saturation- 
curve of K,SO, has been represented by Zi, that of CuSO, .5H,0 
by ak and that of the doublesalt by sv. When we represent this 
doublesalt in fig. 1 by the point D,.,., then the line WD,.,., intersects 
the curve 7& in a point 7. The doublesalt is, therefore, soluble in 
water without decomposition; its solution saturated at 30° is repre- 
sented by 7. 

The following is still of importance for the investigation of 
the quaternary system. When we heat an aqueous solution of 
K,SO, + CuSO, above 50°, a light green salt is separated from the 
solution. MeerBure found for the composition of this salt: 

4CuO . K,O . 480, . 30,0, 
while Brunner ?), who examined first this basical salt has found 
four molecules instead of 3 molecules H,O. 

c. The system CuSO, — CuCl, — A, 0. 

Also this system was investigated formerly *), as solid sub- 
stances occur: CuSO,.5H,O and CuCl,.2H,O. In fig. 1 ad represents 
the saturationcurve of CuSO,.5H,O and ch that of CuCl, . 2H,0. 

d. The system CuCl, — KC1— H,0. 

In this system of “which the invariant (P) equilibria were 

1) P. A. MeerBura. Gedenkboek J. M. vAN BEMMELEN, 356 (1910). 

*) BRUNNER. Pogg. Ann. 15 476 (1829). 
Ë) 


5) F. A. H. ScHREINEMAKERS. These Communications l.c. and Zeitschr. Phys. Chem. 
69 557 (1909), 
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examined- formerly ‘Y occur’ as solid phases: KCl, CuCl,.. 2H,O, 
CuCl, . 2KCI. 2H,O and CuCl, . KCl. This last salt, however, occurs 
only above. 57°, so that at 30°: KCl, CuCl,.2H,O and CuCl, . 
2KCl.2H,O only occur as solid phases. 

The isotherm of 30° is represented schematically in fig. 1; fe is 
the saturationcurve of KCl, cd that of CuCl, .2H,O and ed that of 
CuCl, . 2KCi.2H,O. When we represent in fig. 1 this doublesalt by 
D,...,, then the line WD,.,., does not intersect curve ed, but curve fe. 
This doublesalt is, therefore, at 30° not soluble in water without 
decomposition, but it is decomposed with separation of KCl. 

This isotherm of 30° was determined already formerly *); we 
have also still determined some points. 


3. The quaternary system. 


At first sight we may think that the examined system is built 
up by five components; as, however, between four of these substances, 
the reaction : 

Cul, KSO, KCH + Cus0y varanen He ee 
occurs, this is not the case. 

In view of the above-mentioned double-decomposition (1) we shall 
represent the equilibria with the aid of a quadrilateral pyramid, the 
base of which is a quadrangle. The four anglepoints of this qua- 
drangle indicate tbe four substances: CuSO,, CuCl,, K,SO, and K,Cl, 
and in this way that the two substances, which are in reaction (1) 
at the same side of the reaction-sign, are united by a diagonal of 
the quadrangle. Perpendicular above the point of intersection W of 
the diagonals, is situated the top of the pyramid, which represents 
the water. 

At the examination of this quaternary system we have always 
remained below the temperature, at which the basical salt 

4Cu0. K,O. 450,. 3H,0 
is separated. If this had not been the case, the reaction : 
4CuSO, + K,SO, + 4H,0 = 4Cu0. K,O. 480,. 3H,O + H,SO,. (2) 
would have occurred. We should then have had to examine a 
quinary system, in which reactions (1) and (2) occur. 

As the quaternary solutions saturated with a solid substance, are 
represented by a surface in the space, viz. the saturationsurface, we 
have seven saturationsurfaces. We find their projections in fig. 1 ; 


1) W. Meyernorrer. Zeitschrift für Phys. Chem. 0 336 (1889) 5 97 (1890). 
2) H. Fiuippo; not yet published. 
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from this it is apparent that six of these surfaces are side-surfaces 
and that one is a middle-surface. 


aklmb is the saturationsurface of the Cu SO, 5H,O 


CD mnd te oale 

ORR et. “ zi 93 Onl EL 
CPO My Mo sb 5» $j gee 

ip galt’, 53 sft 5; ae 

iqlk ties 7 » oy MOT SOL KEO MGE) 
Dalm - a, 


In order to get a better view, in the hen. is indicated on each satura- 
tionsurface the solid substance, with which the solutions are saturated. 
For the sake of abbreviation we have called Cu SO,. 5H,0 = Cu,, 
Cu Cl,. 2H,0'= Cu,; CuCl. MCE IHG SD, and Cus; Kk see 
GEO De 

The middle-surface pq lm no is the saturationsurface of a salt, which 
we have represented by D. In order to find the composition of this 
salt we have applied the rest-method, viz. the analysis of the solution 
and the corresponding rest. From numerous definitions it follows 
that this salt has the composition : 


CuSO... Ch == SOs CaCl a= De 
or Cus0,:K, Ch HO =, SO, CuO. BO =DE 


Some determinations pointed viz. to D,, others to Dx, again others 
to a mixture of D, and Dx, so that in the region pq/mno (tig. 1) 
perhaps tbe two salts D, and Dx occur. 

The probability that more than one solid salt occurs in this region, 
is enhanced by the following observations. In some cases the solid 
substance was precipitated after shaking (which lasted sometimes a 
month or longer) within some hours as a greenish powder, in other 
cases there was formed a greenish or blue-greenish paste, which 
after days did not yet settle, but stuck to the sides of the shake- 
bottle. In the first case we could easily remove a large part of the 
mother-substance by suction, in the latter case this appeared practi- 
cally impossible. From all this it is apparent that in the saturation- 
surface (fig. 1) indicated by D different salts may occur, two of which 
have the composition D, and Dx. 

[t follows, however, from the position of the solutions saturated 
with D, or Dx in the region of fig. 1 indicated by D, that one of 
these salts must be metastable with respect to the other, perhaps 
they are both metastable with respect to a third, which we have 
however not found in our investigation. 
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In order to get the solutions of the saturationsurface D saturated 


with solid salt, we put together the substances in such ratios 
that the solid substance must be formed in one case from’ 


Cu SO,.5H,O + KCl, in the other from Cu Cl,. 2H,0 + K, SO. In 
both instances now Da, then Dx was formed. 
In some cases also occurred as solid phase a double salt of the 
composition : 
200'S0,. dK 6) O'S 


Later, however, we did not succeed again in getting this salt, but D, or 
Dx appeared instead. The salt D, will therefore, very probably exist 
in a metastable condition only. 

On account of the uncertainty with respect to the substance D, 
we will further describe the equilibria as if in the region pq lmno 
occurs only one solid substance D. When in this region more solid 
phases may occur in stable condition, then the necessary changes in 
this region will have to be inserted. 

The intersectinglines of the saturationsurfaces represent the quater- 
nary solutions, which are saturated with two solid substances, con- 
sequently the quaternary saturationlines. The limit-lines of the 
saturationsurfaces on the side-planes of the pyramid form the ternary 
saturationcurves of the four ternary systems, which have already 
been discussed previously. 

The quaternary saturationcurves are the following : 


the saturationline of 


K, SO, + KCI 


9 P 

Le 5 ARD Me OPE OI 
Rise sy as yas geal) de 
Bt “os a » Cu, —+ Cu, 
dn the saturationline of Cu, —+D.……, 
BD vn 4 sz Kl See 
ie Oan by » K,SO,+ D 

Ge INE zh 5 De LE 
Eb, 2 … Cu, +D 
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Pis 3 » KC +D 


The first six saturationlines are side-curves; each of these has an 


end on one of the side-planes of the pyramid. 


The last six satura- 


tionlines are middle-eurves; each of these has its two ends within 


the pyramid. 
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The points of intersection of the saturationsurfaces represent the 
quaternary solutions, which are saturated with three solid substances 
consequently the quaternary saturationpoints. In each of these points 
three quaternary saturationcurves come together. In the ternary 
saturationpoints, which we already discussed previously, two ternary 
and one quaternary saturationcurve come together. 

The quaternary saturationpoints are the following: 


p saturated with K,SO,-+ KCl + D 


q ” oF) K, SO, ek 
l so Ae Dee 
m De je OM: + Cu, +D 
n + » Cu, +D,.,..4+D 
0 5 „KCl ED D 


As it is easy to see from fig. 1, in presence of solution can exist: 
K, SO, by the side of: KCl or Dor D,,.,., 
but not by the side of: Cu, or Cu, or D,.,., 
KCl by the side of: K, SO, or D or D,.,.,. 
but not by the side of: D,.,., or Cu, or Cu, 
by the side of: KCl or D or Cu, 
but not by the side of: K,SO, or D,.,., or Cu,. 
Cu, by: the.-side of: On, orc or, 
but not by the side of: KCl or K, SO, or D,.,., 
Cu, by the side of: Cu, or Dor D,.,., 
but not by the side of: K, SO, or KCl or D 
D,.,-, by the side of: Cu, or D or K,SO, 
but not by the side of: KCl or D,.,., or Cu, 
D by the side of all other substances. 


D 


122 


te Je} 


Different conclusions can be made from the figure. Let us con- 
sider the behaviour of the salt D with respect to water. 

When D is the salt D, it is indicated in the spacial represent- 
ation by the point of intersection W of the diagonals (fig. 1). When, 
however, D is the salt Dx, which contains water, it is situated in 
the spacial representation on the line, which unites the top of the 
pyramid with the point of intersection of the diagonals. Let us 
assume that D =D, and let us call T the top of the pyramid, so 
that point T represents the water. As the line D,T does not inter- 
sect the saturation-surface of D,, Da is not solubie in water without 
decomposition. The line D,T intersects, however, the saturation- 
surface iklq of D,.,.,, so that the salt D, = Cu SO,. K, Cl, = K, SO, 
CuCl, is decomposed by water, while D,.,., = Cu SO, K, SO,. 6H,O 
is separated. From this we see that we can not wash out the salt 
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D, with- water to free it from its mother-substanee, as this will 
lead to decomposition. 

When we wish to examine accurately what will take place when 
we bring together D, and water, we must consider which spaces 
of the pyramid are intersected by the line D,T. From this amongst 
others the following is apparent. When we add D, to water, then 
firstly unsaturated solutions arise, which are represented in fig. 1 
by the point W. (In this it is to be considered that fig. 1 is the 
projection of the spacial representation and that point W is the 
projection of the line D,T). 

With further addition of D, the solution W arises, which can be 
saturated with D,.,., (this D,.,.,, however, is not yet present as 
solid phase) consequently the solution W of the saturationsurface 7 qk. 

With further addition of Da now D,.,., is separated and the 
solution traces in fig. 1 the straight line Ws, this straight line is the 
projection of a curve situated on the saturationsurface 7g/k. When 
we add so much D, that the solution attains the point s, then, 
further addition of D, will no more change the solution and there 
is formed: 


D,.,-., + D + solution s. 


When we wish to examine what will take place when we bring 
together in variable quantities K,SO,,CuCl, and water, then we must 
intersect the spacial representation by the plane K,SO,—CuCl,—T. 
When we bring together KCl— CuSO, and water in variable 
quantities we must draw the plane K, Cl, — CuSO, — T. 

As the manner, in which these sections with the saturationsurfaces, 
saturationlines and the different spaces can be obtained, was already 
discussed previously *), we will not apply this method now. 

In tables If and III we find indicated the compositions of several 
solutions; we have deduced with the aid of the restmethod graphically 
the solid phases with which these solutions are saturated. 

In table II the compositions are expressed in percentages by weight ; 
of the four salts Cu SO,,Cu Cl,, K, SO, and K, Ci,; only three at the 
same time are given. This is sufficient also because, if we wish to 
express the composition also in the fourth salt, it may be done in 
infinitely many ways with the aid of the reaction-equation 

CuSO, + K, Cl, ZK, SO, + Cu Cl, 

For this the quantities of the substances which take part in the 

reaction must be expressed in quantities by weight. 


1) KF. A. H, SCHREINEMAKERS. Zeitschr. f. Pliys. Chem. 66 699 (1909). 
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TABLE 1. 


The ternary system K,SO4— KCI — HO at 30°, 


Composition of the solutions 


in proc. by weight in molproc. 
Point ler ; a Solid phase. 
SO KEU ELD | KSO, | -KCL | HO 
h 11.5- | * Oc | 288.56) 1553 0 | 98.67 K,SO, 
9.55 | 17.45 | 80.0 | 0.32 | 2.56 | 97.12 À 
g 1.09 | 26.20 | 72.71 | 0.15 | 4.16 | 95.69 K,SO,-+ KCl 
f 0 | 27.22 | 72.78 | © | 4.92 | 95:68 KCl. 
TABLE II. 
—H,0 at 30°. 


The quaternary system Cu SO, — Cu Cl, — Ky SO4 — K,Cl, 


Composition of the solutions in procents by weight. 


Point | Cu SO, | Cu Cl, | Ko SO4 K Cl H,0 Solid phase. 
A 
K | 20.60 | 0). hy  Seel 0 75.79 GD 
| 1460 58 510 0 16.44 3 
En | 10.02 | 10.74 | 4.56 Fane 74.68 5 
9 | 10 | 24.48 | 6.92 0 66.90 en 
l 1.43 | 23.75 0 6.26 | 62.56 Cu ED ek 
| | 
i 1.63 o | 12.01 0 86.36 SOD 
1468 0 9.13 | 2.98 | 86.26 : 
El 2 0 6.16 | 6.01 | 85.51 B 
aS o | 2.13 | 5.74 | 9.84 | 82.29 A 
i 0. | 505 | 3.82 | 16-02 u Ki 
2.96 | 6.07 | 0 21.86 | 69.11 s 
7 2.07 | 6.68 | 0 21.91 | 68.38 | K,SO,+-Dy1.6+D 
£ 0 Oel 4,094 26,90 9 HO K, SO, + KCl 
Eas, 125.124 80 ae aD 25.32 | 68.13 re 
Ee 2.06 | 6.56 | | 24.68 | 66.70 Ks SO, + KCI + D 


BABEE IE 
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The quaternary system: Cu SO, — Cu Cl — K, SO4 — KCl, — H,O at 30°. 


Composition of the solutions in procents by weight. 


Point | CuSO, | CuClg | K,SO, K Cl H,O Solid phase. 

p 2.06 | 6.56 0 24.68 | 66.70 Ks Ort KC ED 
ge | 24 | 6.71 0 23.32 | 67.60 Koso SD 
ee ei 2e | 6-68 0 22.17 | 68.59 : 

q 2.91 | 6.68 0 21:07 | 68:38 |. WSO Djqq-D 

q 2.97 | 6.68 0 21.97 | 68.38 | K,SQ.+Di4.6+D 

2.94 | 7.86 0 17.03 | 68.92 Berge 
3.15 | 11.00 0 17.31 | 68.54 I 
En 4.03 | 17.37 0 11.81 | 66.79 d 
Sel 4.85 | 20.30 0 9.44 | 65.41 £ 
7.53 | 23.31 0 6.63 | 62.53 3 
1 7.43 | 23.75 0 6.26 | 62.56 Cudi Dd 
p 2.06 | 6.56 0 24.68 | 66.70 Ko SO, + KCI + D 
Est 00 0 23.64 | 65.60 KCI--D 
1.34 | 10.86 0 93.11 | 64.69 4 

dj 1.30 | 11.29 0 22.80 | 64.11 . 

oa 0.80 | 16.95 0 21.28 | 60.97 8 
0.75 | 17.51 0 21.35 | 60.39 £ 
0.72 | 18.56 0 21.37 | 59.35 8 

o 0.56 | 21.43 0 20.47 | 57.54 eeb ED a 

e 0 21.62 0 20.86 | 57.52 EC Dos 

o 0.56 | 21.43 0 20.47 | 57.54 KCl D- EDE 

o 0.56 | 21.43 0 20.47 | 57.54 REED IED 5 

0.59 | 26.09 0 16.83 | 56.49 BED 
= 0.63 | 29.41 0 15.01 | 54.95 : 
Sad 0.71 | 32.60 0 13.10 | 53.59 E 
0.70 | 37.61 0 10.62 | 51.07 jb 
n 0.94 | 42.45 0 7.86 | 48.75 Gu 4 DD 


Composition of the solutions in procents by weight. 


TABLE Il. 
The quaternary system : Cu SO4 — Cu Cl, — K, SO, — Kz Cl, — HO at 30°. 


Point | CuSO, CuCl | K,80, KCL | HO Solid phase. 
n | 0.94 | 42.45 0 1.86 | 48.75 Gis qu DE 
d 0 43.1 0 |i 84a [485 GLD es 
n 0.94 | 42.45 0 1.864 4805 |) Guy ee 
E s | 1.59 | 42.30 0 5.88 | 50.23 Cu, +D 
ah 3.46 | 40.95 0 4.34 | 51.25 Cu Eus 4D 
m 3.46 | 40.05 0 4.34 | 51.25 Cu) Cu. ED 
b 2.89 | 42.77 0 0 54.34 Cu, 1: Cus 

3.46 | 40.95 0 4.34 | 51.25 Cu + Cu; + D 

4.15 | 36.69 0 4.79 | 54.37 Cn 
an 4.48 | 34.33 0 5.14 | 56.05 . 
‘ 5.48 | 29.55 0 5.74 | 59.23 % 
I 7.43 | 23.75 0 6.26 | 62.56 Cu Seen 

| 
4.90 | 24.49 | 0 | 71.64 | 62.97 
2.88 | 10.71 0 18.57 | 67.84 
| 2.29 | 10.44 0 20.12 | 73.15 
| 2.15 | 10.83 0 19.97 | 67.05 

za us 0 19.60 | 66.89 
EE 0 21.24 | 66.00 
5 | 1.31 | 16.67 0 18.54 | 63.48 
SJ: £31. |-16.87 0 18.68 | 63.44 
5 | 0.89 | 23.19 0 16.38 | 59.54 
i 0.85 | 23.73 | 0 16.25 | 50.17 | 

0.66 | 21.80 0 15.92 | 61.62 | 

1.03 | 27.10 |. 0 13.70 | 58.17 

0.77 | 32.57 | 0 12.43 | 54.23 | 

2.03 -| 21.75 0 9.93 | 60.29 

1.47 | 39.11 0 Te | e52 26 

6.06 | 19.84 | 0 1.75 | 66.35 | Saturation surface Di. 


TABLE IN. 
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The quaternary system : Cu SO, — Cu Cl, — Ky SO4 — Kg Cl, — H, O at 30°. 
Ions Cu, Ko, SO4 and Cl, and Mol. H,O in a quantity of 
solution which contains 100 Mol. in all. 


Point Cu Ks SO, Cl, H,O Solid phase. 

K 2.96 | 0.48 | 3.44 0 96.56 Cue Dias 

. 2.91 | 0.49 |. 2.57 | 0.89 | 96.54 , 

a 3.34 | 0.61 | 2.10 | 1.85 |. 96.05 4 

2 4.88 | 1.01 Teas Chek Aco © | 04011 
1 5.98 | 1.1207) st. 5.85 02,90 Cad Ds 
i 0.21 1.41 1.62 0 98.38 KSO Die 

0.21 1.49 | 1.29 | 0.41 | 98.30 

0.22 | 1.64 |. 1.03 | 0.83 | 98:14 2 

ek 0.34 2 hl 0.70 1.15 | 97.55 i 

zi 0:86 | 2.98 |- 0.51 :[ 3.33 |. 96.16 Ps 

1.58 | 3.62 | 0.46.| 4.74 |. 94.80 " 

q pooh ges | 0.46 Ie 402 |) cee SED ED 
be 0 4.31 | 0.15 | 4.16 | 95.69 K, SO,-+K CI 
an FT| = 4.25 +, 0228.01.15. 4s [194,58 k 
En olsa |. 4.31 ch LOSSE 5.44 Uf 04023 K,SO,+KCI-+D 

eo tse | Aor] 0:83 | 5.44 | o4es0 | SO; BRE 
Ds | 1.63 | 3.94 | 0.37 | 5.20 | 94.43 K, SO, + D 
DS 1.64 | 3.70 | 0.41 4.93 | 94.66 i 

q 1705 > 3108 1.40146 1.14.02 | 94.6201. K,SG)-2 D+ Di 

q KO, S.68C 1. 10/46 Uh. (4.020 | 94,6221 Ko SCHEDE Dae 

Kerel -seSt).00.46.. |.) ALOT: 494.57 f= p 
2.52 | 2.89 | 0.49 | 4.92.| 94.59 r 
Er 3.92 | 2.01 | 0.64 | 5.29 | 94.07 4 
5 4.68 1.63 0.78 5.53 | 93.69 5 
5.90 | 1.19 | 1.26 | 5.83 | 92.91 : 
l Bee Shia te | (5.85 | 92.90 Cie Dye D 


TABLE Ill. 
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The quaternary system: Cu SO,— Cu Clo — Kz SO4 — Kz Cly — H, O at 30°. 
Ions Cu, Ko SO, and Cl, and Mol. H,O in a quantity of 


solution which contains 100 Mol. in all. 


Point | Cu Ke =|) SO Cl; H,0 Solid phase. 
bp 1560) ) 4-21 0.33 | 5.44 | 94.23 | K,SOs++KCI+D 
2.02 | 4.09 | 0.25 | 5.85 | 93.89 KCI+D 
2.33 | 4.04 |'.0.22 if 6.15 4) 93.63 ‘ 
2 | 2.40 | 3.99 | Ogi 6.18 | 93.61 P 
= | | 
G™ la. | s90 | Om | ae Tee : 
3.772 | 3.05 9) 2048-1 7.58) Hs 5 
3.98 | 4.00 | 0.12 | 7.86 | 92.02 8 
o 4.66 | 3.93 | 0.10 | 8.49 | 91.41 KLADE Ds 
e 4.58 | 3.93 0 8.51 | 91.49 KEL + Digs 
pi 4.66 3.93 0.10 8.49 | 91.41 K CI 4 Dj.3..-+ D 
7 4.66 | 3.93 | 0.10 | 8.49 | 91.41 KG De 
5.74 | 3.27 | 0.11 | 8.90 | 90.99 DBDs 
9 6.60 | 2.98 0.12 | 9.46 |} 90.42 - 
ES 
Ge 7.46 | 2.66 | 0.13 9.99 | 89.88 2 
8.91 | 2.23 | 0.14 | 11.00 | 88.86 r 
n 10.44 | 1.71 | 0.19 | 11.96 | 87.85 Ca Dia 
10.44 | 1.71 Sp vO: 10, op 41.66 3 57-65 Cis D, za ED 
dt | 40de Mce ak 0 12.28 | 87.72 | Cie EDE. 
NE NPN 
n 10.44 |. 1071 yO 1 a1 G6 db 37:85 Cut Do 
ke) 
ES | 10.30 | 1.25 | 0,32 | 11.23 | 88.45 Cu, + D 
O | 
m | 10.19 | 0.9 0.68 | 10.42 | 88.90 | Cai, B 
10.19 | 0.91 | 0.68 | 10.42 | 88.90 Cuz + Cus +D 
b | 0.54 | 9.49 | 89.97 Gi, Cit 


10.03 | 0 


TABLE III. 
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The quaternary system: Cu SO4 — Cu Cl, — Ky SO4 — Kg Cly — Hy O at 30°. 
Ions Cu, K, SO4 and Cl, and Mol. H,O in a quantity of 
solution which contains 100 Mol. in all. 


Point 


SO, 


H,0 


Solid phase. 


mn 


Saturation surface D 


88.90 
90.13 
90.72 
91.83 
92.90 


92.97 
94.43 
94.71 
94.23 
94.17 
93.97 
93.21 
93.20 
91.98 
91.86 
91.57 
91.51 
90.11 
92.14 
89.28 


Cuz + Cus + D 
Cu + D 


» 


93.94 


‚Saturation surface Dy... 


In table III the compositions are indicated in the number of ions 
Cu, K,, SO, and Cl, and molecules H,O, which are present in a 
quantity of solution, which contains in all 100 molecules. 

When a solution contains a ions Cu, ) ions K,, c ions SO,, d ions Cl, 
and w molecules of water, then is consequently 


atb=ce+td-endwta+b=w+c+d=100. 


Leiden. 


Anorg. Lab. Chem. 
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Chemistry. — “The catalyse’. By Prof. J. Bousexen. (Communi- 
cated by Prof. A. F. HOLLEMAN). a 


(Communicated in the meeting of June 27, 1914). 


1. It appears to me that, a summary having been given from 
various quarters on catalytic phenomena, the time has arrived to 
show briefly how the development of my ideas on this subject has 
advanced and how the insight thus gained has been supported by a 
deduction of one of my students. 

I do this in the first place because in that historical account the 
gradual elucidation of the phenomena is exposed, but also because 
I imagine that a point has now been reached where the co-operation 
of many is necessary in order to assist in completing the edifice of 
the catalysis. 

2. When working at my dissertation (1895—1897), when a large 
number of fatty-aromatic ketones was prepared according to the 
reaction of Frieper and Crarts, it struck me that when to a cooled 
mixture of acid chloride and benzene finely powdered aluminium 
chloride was added, this certainly dissolved rapidly, but that an 
evolution of hydrogen chloride only took place slowly on warming *). 

As aluminium chloride did not perceptibly dissolve in benzene, 
I was then convinced that not the benzene but the acid chloride 
might be the point of attack of the catalyst. 

This question was afterwards taken up by me and solved in so 
far that the synthesis of the aromatic ketones could be divided into 
two stages: (a) The catalyst combines with the acid chloride: (b) 
this compound is attacked by the aromatic hydrocarbon (Rec. 19 
19 (1900) 20 102 (1901). 

Although the course of the reaction was indicated therewith, I 
was soon aware, however, that the catalytic action of aluminium 
chloride remained in complete obscurity *). 

In this I was corroborated by the observation that chloroform 
and benzyl chloride suffered the reaction with benzene still far 
better and more vigorously, whilst these substances did not combine 


1) Afterwards I modified the preparation by taking the AlCls in excess and then 
adding drop by drop the mixture of acid chloride and benzene, because the reaction 
then proceeded very regularly. By the research of Or1vrer (Dissertation, Delft 1912) 
it has been shown that the cause of this favourable result must be attributed to 
the presence of free AlCl, (see later). 

2?) PERRIER who had noticed this reaction course previously (Thèse, Caen 1893) 
was of opinion that this explained the catalytic action of aluminium chloride. 
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with aluminium chloride and the quantities of the catalyst necessary 
for the reaction were much less than in the synthesis of the ketones. 
(Ree. 22, 301 (1903). 

When it appeared that nitrobenzyl chloride, which does unite with 
AICI,, was also attacked much less rapidly than benzyl chloride, 
and further that the very reactive anisol, which also forms a molecular 
compound with AICI,, did not react at all with CCl,, whereas benzene 
did so readily, the facts were such that I ventured the thesis that 
the formation of compounds between the catalyst and the activated 
substance had nothing to do with the actual catalytic action (Ree. 
23,104 (1904)) and that, when the catalyst does not unite with one 
of the substances present in the reaction, we are dealing with catalytic 
action in its purest form (Rec. 24, 10 (1905) ). 

Thus by means of the inductive method, I came to the conclusion 
that the formation of a compound with the catalyst did not give an 
explanation of the catalytic action as such, and that with this the 
theory of the intermediate products exploded. 


2. I have also tried to demonstrate subsequently by means of the 
deductive method that the formation of a compound of substance and 
catalyst must necessarily lead to a partial paralysis of the latter 
(Proc. 1907 p. 613; 1909 p. 418). 

Hence, if we wished to arrive at a satisfactory explanation this 
had to be looked for in what happened before there is any question 
of a compound between catalyst and substance. When the catalyst 
draws near to the activated substance a phenomenon ought to take 
place partaking more of a disruption or a dislocation than of a union 
(Gedenkboek vaN BEMMELEN p. 386, Rec. 29, 87 (1910)). 

I have then demonstrated (Proc. 1909 p. 419; also Rec. 32, 1 
(1913); Chem. Weekbl. 7, 121 (1910); Rec. 29, 86 (1910)) that a 
catalyst like AICI, exerts indeed a dissociating influence on the 
chlorides which it activates; chloral was resolved into CO, HCl and 
CCI; trimethylacethyl chloride into carbon-monoxide, HCl, and 
isobutene, ete. 

But here it transpired also that even now the explanation was 
not given, because the action had been too violent; instead of the 
to be expected condensation products with benzene there were 
obtained in similar cases, either the decomposition products or the 
condensation products of these molecule residues with benzene. Thus, 
from SO,Cl, and the benzene hydrocarbons were generated relatively 
very small quantities of sulphones compared to large quantities of 
sulphinie acid and chlorine derivatives; owing to too great an aciivily 

36 
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the catalyst had disrupted the 5O,Cl, into SO, and Cl, which were 
now subsequently influenced catalytically (Rec. 30, 381 (1911)). 

The catalytic action proper can, therefore, be no union, because 
in that compound the catalyst is paralysed; it also cannot be a 
dissociation because the substance is then too much attacked, hence, 
it must be an intermediary influence. 

I have called the latter a dislocation or disruption (Rec 30, 88 
(1911) dating from Sept. 1909) in order to demonstrate that there 
certainly does exist an influence, but that this should effect neither 
union or dissociation if it is to be considered as a purely catalytic 
one. In order to more sharply confirm experimentally this result 
obtained, the transformation of chloral into metachloral under the 
influence of diverse catalysts was submitted to a closer investigation. *) 

This system was chosen because it had been shown that: 

1st it is an equilibrium between two substances, therefore a very 
simple case because we are only dealing with the transformation of 
one substance into another one. 

2nd this equilibrium is situated in a readily attainable temperature- 
zone, whereas the properties of monomeride and polymeride differ 
rather strongly, so that the specific influence of the catalyst may 
come perceptibly to the fore. 

Zad That the monomeride itself is a supercharged molecule, so 
that it was to be expected that the action of the catalyst would be 
a pronounced one. 

In fact it could now be demonstrated that the equilibrium 
was attained rapidly only then when the activator was present in 
small quantities and had not perceptibly united with one of the 
modifications. 

If the catalyst (pyridine) was retained (absorbed) in the colloidal 
polymeride the equilibrium set in, but in the liquid phase of the 
monomeride the reaction ceased. 

If the catalyst combined with one of the components (the mono- 
meride) the equilibrium was shifted in the direction of that component. 

If, finally, the action of the activator was stronger still, the split- 
ting products were obtained only. 

About the same time, S. C. J. Outvirr (Diss. Delft 1913, Proce. 
1912 and R 88, 91 (1914) had finished a dynamic research on the 
action of bromobenzenesulphoehloride on some benzene-hydrocarbons 
under the influence of aluminium chloride. 

Whereas the researches had been as yet of a qualitative character 
it could now also be demonstrated quantitatively that the retention 


1) K 82, 112 (1913). 
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of the catalyst in the sulpho-chloride or in the sulphone caused a 
partial paralysis, as the reaction proceeded much more rapidly the 
moment a small quantity of the catalyst in the solution was present 
in the free state. 

Also, could it be deduced sharply from the progress of the reaction 
(Proc. 1913 p. 1069) that this could be explained satisfactorily only 
then when the activating action was sought in what happened 
between benzene on one side and chloride + catalyst on the other 
side before they had undergone chemical transformation. 

Hence, it was proved experimentally also here that the most important 
stage of the catalysis is that which takes place before the union. 


3. If we now consider what can be the significance of the 
removal of the catalysis to the pre-stage of the reaction, it should 
be remembered that in view of Osrwarp’s definition a catalyst should 
be a substance unchanged in quantity and quality after the reaction. 

Guided by this definition we may during the reaction assume all 
kinds of material and energetic changes if only the condition is 
satisfied that the catalyst remains unmodified before the beginning 
and after the end of the reaction. 

If now, however, we look for a further explanation, that is to 
say, penetrate further into the mechanism of a reaction, we notice 
that somewhere during the reaction a catalyst can no longer satisfy 
that definition. 

Hence, a catalyst Gan never remain unchanged during the entire 
course of the reaction; an ideal catalyst exists no more than an 
ideal gas or an ideal dilute solution, but for all that we have been 
able to make excellent use of the notion. 

Now, a substance will approach this ideal condition all the more, 
the smaller the material or energetic displacements will be and it 
is plain without any further evidence, that similar very small changes 
will just take place on the approach of the catalyst to the bonds to 
be activated. 

When there the action ceases, we can understand that these 
shiftings may be so small that they elude observation (so that for 
instance, apparently a same equilibrium is reached under the influence 
of diverse catalysts, which in reality cannot be the case.) 


4. If now we want to get a concrete conception of these exceed- 
ingly small actions, which in the catalysis are both satisfactory and 
authoritative, we may consult the modern views on our atomic 


world. 
36* 
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It is supposed that the atoms consist of (or at least are populated 
by) electrons and that they hold together by means of force regions 
between these corpuscles; the catalytic action may then be described 
as a change of these force regions on the approach of the catalyst. 
If this is so, we have in the pure photocatalysis the simplest 
catalytic actions and the study of these phenomena will no doubt 
much deepen our insights. *) 

On penetrating further into the phenomena in general we are 
obliged to resolve the substance into steadily decreasing units and 
the same has happened with the special phenomena called catalytic; 
here it will just be shown that what takes place in the atoms will 
be of preponderating importance. But just as we have not been able 
to find the ideal catalyst among the atoms, we cannot expect to 
meet it among the electro-magnetic equilibria-perturbations, only 
the limit of our insight in the catalytic phenomena has advanced 
a step. 


ie 


1. During this mainly inductive development of my ideas my 
pupil H. J. Prtns had found a synthesis of chloropropane derivatives 
and I advised him to couple this experimental subject with a survey 
of the different cases in the reaction of FrippeL and Crarts. *) 

With this, however, he did not content himself, but starting from 
the ‘Principle of Reciprocity” he has endeavoured to furnish an 
explanation of the catalytic phenomena in general, with the reaction 
of Frirpe. and Crarts as a special case. 

The result of this is given in his dissertation (“Bijdrage tot de 
kennis der katalyse”, Delft 1912) and supplemented with a few 
subsequent articles (Journ. f. pr. Chem. N. F. 89, 425 (1914) ; 
Chem. Weekbl. 11, 474 (1914). 

In order to reproduce Prins’s intention in the simplest possible 
manner, I will quote a few parts of his deduction, taking the liberty 
to omit the, in my opinion, non-essential matter. 


1) The simplest case is the photocatalytic change of a monatomic element. 


2) The reaction of FR. and Cr. offers us already a great diversity of catalytic 
reactions, because AlClz can form all kinds of compounds. Only in such cases 
where it unites neither with the initial products nor with the end product, or attacks 
this secondarily do we approach a case of pure catalysis. 

The number of these cases is very small, the chlorination of benzene is a very 
appropriate example thereof; here the quantity of the catalyst is minimal indeed 
(see further). 


dol 


The axioms which are more particularly applicable to the cata- 
lysis are: 

“When... the one exerts an influence on the other, this latter... 
is changed by the first... 

“If in the calculation of one of these the change may be neglected 
we may speak of a one-sided influencing, which, however, as such... 
may not be considered one-sidedly (dissertation p. 4—5). 

and subsequently : 

“If we consider the possible relation of two substances (whether 
element or compound) three stages are to be distinguished therein’. 

“1. The stage of the relative inertness. In this stadium even 
the catalytic influence is imperceptible, whilst there is no question 
of a chemical compound. 

“2. The catalytic stage’) in which occurs also the mutual acti- 
vation. In this stage the catalytic actions are enacted. 

“3. The reaction stage in which appears an intra- or extra- 
molecular reaction”. 

The catalytic stage forms the bridge between the inertness and 
the chemical compound. In each chemical reaction all three stages 
are gone through. 

By varying the conditions we can, however, cause the influencing 
to be confined to the seeond stage’. (Chem. Weekbl. 11, 475, 
also Journ. f. pr. Chem. N. F. 89, 448 (1913). 


2. Prins starts from the general thesis that on interaction, there 
takes place a change in two conditions, which will be least powerful 
the moment it begins to reveal itself. 

This stage lies, chemically speaking, in the dissociation region 
where the free energy of the entire system approaches to zero 
and is called by Prixs the catalytic stage. 

In this catalytic stage there is really no question of a catalyst 
in the sense of OstwaLp; we are dealing with a change of condition : 
AZB which taken by itself can take place more or less rapidly. 

Being in the catalytic stage does not at all imply, in my opinion, that the 
changes must take place rapidly; this depends on the nature of the change 
(chemically speaking on the nature of the atoms or atomic groups which in the 
transformation play a role in the first place). 

If, for convenience sake, we call A and B two molecules, one 
of these molecules, in a reaction in which the other one (with its 


1) In order to prevent confusion it would be better to speak of the activating 
stage. (PRINS also points out that the word ‘activator’? expresses his ideas better 
than catalyst). 
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specifie atomic group) occurs as a component, will be a catalyst 
in the sense of OsTWALD. 


BoC A — D 
N N 
A B 


The above symbols represent this explanation from which we gather 
that the change of the free energy in so far as it concerns the catalyst 
approaches in the pure catalysis to zero and wherewith we also wish 
to express that the catalyst is in fact more a change of condition 
than a substance. 

In the positive catalytic action the equilibrinm AS B will set in 
much more rapidly than the reaction BC or AD and thus 
cause or accelerate the same. 

Hence an ideal catalyst, according to this deduction and in connexion with 
OsTWALb’s definition, is a substance which undergoes with one of the to be 
activated substances (or bonds) such reciprocal action that in the latter 


system the thermodynamic potential and chemical resistance simultaneously 
approach to zero. 


As it concerns here particularly the bond that is being activated, 
the other molecule will «also be more or less influenced ; this we 
notice immediately when we remember that intramolecular displace- 
ments come under the same point of view. 

Hence, we will obtain the maximal catalytic action when, with 
the catalyst (for instance B) we approach as closely as possible the 
catalytic stage in regard to A as well as D. 

The chlorination of benzene again presents us with a suitable 
meaning example to elucidate the intention of this thesis. 

Both chlorine and benzene are in regard to AICI, in the catalytic 
stage; they are both rendered active without forming a compound. 

As soon as we replace benzene by nitrobenzene the action ceases 
at the ordinary temperature because A/C/, forms a solid combination 
with nitrobenzene so that these two are, in regard to each other, 
not in the catalytic stage and because AICI, cannot any longer 
activate the chlorine simultaneously. 

At a higher temperature the chlorination starts; we may assume 
that the system A/Cl,NO,C,H, is then again approaching the 
catalytic stage. ; 

It is, however, self-evident that a case like the chlorination of 
benzene is rarely met with; as presumably somewhat similar cases 
I mention: all ionreactions in aqueous solutions; the union of 
hydrogen and oxygen and the decomposition of hydrogen peroxide 
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on or in platinum; the transformation: aldehyde = paraldehyde 
under the influence of sulphuric acid ete. 

Much more frequent will be the cases, such as in the chlorination 
of nitrobenzene, where the catalyst is found, in regard to one of 
the substances, a good long way over this most favourable stage; 
in that ease it will have united with one of the components to a 
more or less firm compound. 

The sulphone formation from bromosulphone-chloride and benzene 
under co-operation of A/C7, is an illustrative instance hereof: 

The ALC, is combined with the sulphone-chloride and is, therefore, 
in regard to the chloride, already far removed from the catalytic 
stage, at 25° it is however not completely paralysed, as according 
to the course of the reaction it is still capable of activating the 
second molecule (benzene). 

The sulphone formed now also unites. with A/C, and now it 
appears also from the course of the reaction that it keeps on activ- 
ating the benzene, but is, however, no longer capable of influencing 
the sulfone-chloride, for an excess of the latter exerts no influence 
on the reaction velocity. (Orrvier and BörseEKeN, Proc. 1913 Le). 

From this case it is shown how complicated this reaction may 
become when in the reaction mixture different substances are present 
which paralyse the catalyst more or less, and that only a clear 
conception of the catalysis enables us to interpret the observations 
satisfactorily. 

Represented symbolically, we thus have here (when we assume 
that the HC/(D) does not interfere, which has also been proved by 
OLIVIER) : 


(oe Si Mae OR 
Sil 


The A/C/, united to U (the sulphone) can no longer reach A (the 
sulphonechloride), only the A/C, united to A itself can still activate 
the S-C7 bond, but much less so than free A/C, ; only the benzene 
(B) is still attainable for the A/C/,. 

I want to observe here that the paralysis starts here, presumably, 
from the SO,-group, because this occurs in the sulphonechloride as 
well as in the sulphone. 


These are just the cases, wherein the catalyst is united with one of the 
starting products, but is not entirely paralysed thereby, which have 
originated the theory of the intermediate products. 


By removing wilfully from the most favourable catalytic stage 
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(for instance by lowering the temperature) similar coumpounds have 
often been met with and it was imagined that the explanation of 
the catalytie phenomena had thus been found. 

Now, however, it is evident that the explanation is not given Dy 
the formation of these compounds, but should be found before the 
formation and that the best catalysts will be those whose dissociation 
equilibrium extends over as large as possible a region of tempera- 
ture and pressure, without any compounds being formed. 


3. In this manner, ascending by the inductive method from the 
special case of the reaction of FriepeL and Crarrs (BörsmKeN) and 
descending by the deductive method from the general principle of 
reciprocity (H. J. Prins), we have come to the conclusion that 
the catalytic action is situated in the pre-stage of the chemical 
union. 

It is evident that with this result no explanation has been found 
in the sense that now everything is completely elucidated. 

Yet, in my opinion, owing to the sharper definition of the con- 
ceptions the whole field is easier to survey (Prins Le.) and the 
special cases are more readily understood, also a fundament has 
been given on which we can pursue our researches with a greater 
certainly. 

These in view of the further elucidation will have to move in 
two directions. 

1st. It must be ascertained, as has been already done in some 
cases (Le), in how far the change in velocity is connected with the 
shifting of the catalyst and activated bonds in the dissociation region. 

With this may be coupled systematic researches as to the most 
suitable catalysts for specified reactions, (for instance on metals which 
are in a rapidly setting in dissociation-equilibrium simultaneously 
with N, and H, at a low temperature in view of the ammonia 
synthesis; or on carbonates which in view of the ketone synthesis 
from acids according to SABATIER and SENDERENS must, at about 
300°, be with those acids in the same favourable conditions). 

204. Those catalytic actions must be investigated where very small 
energy shiftings are concerned; to this appertain in the first place 
the photocatalytic phenomena. 

The first series of researches are of a more direct practical result; 
the second series, on the otber hand, are of a more penetrating 
nature, the object being to attack the catalytic phenomena in their 
last recess. 


Delft, June 1914. 
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Chemistry. — “Researches on the Temperature-coefficients of the 
free Surface-energy of Liquids between — 80° and 1650° C.: 
VII. The specifie surface-energy of the molten Halogenides of 
the Alcali-metals.” By Prof. Dr. F. M. Janerr. (Communicated 
by Prof. Haga). 


$ 1. Notwithstanding the original intention to publish the results 
of the measurements concerning (he temperature-coefficients of the 
free surface-energy of molten salts at the same time as the deter- 
minations of the specifie gravities of the investigated salts at different 
temperatures, and in this way to give completely all data, necessary 
for the calculation of the temperature-coefficients of their molecular 
surface-energy, — it seemed desirable on account of the present 
precarious conditions, to resolve already now on the publication of 
the results hitherto obtained, and relating to the change of the specs fic 
surface-energies of those salts with the temperature of observation. 
The present uncertainty about the moment, when the now stopped 
experiments, necessary for the determination of the specific weights, 
again may be resumed in future, makes it perhaps desirable to 
publish already now the available data of the free surface-energy of 
some forty salts, and to draw the attention on this occasion to some 
general conclusions, relating to these measurements. 


§ 2. In this connection it is perhaps of interest to mention here 
also some details concerning our original tentatives, to reach the 
proposed aim by means of the method of capillar ascension-measure- 
ments, — notwithstanding the fact, that these experiments finally 
had to be given up because of reasons already formerly explained ‘); 
these details doubtlessly can be of use for later investigations to 
be made in this direction. 

Originally the investigated salt was introduced into wide tubes of 
heavily fusible Jena-glass, provided with rounded bottoms ; the tubes 
were heated in a bath of a molten mixture of potassium-, and sodium- 
nitrate, either by means of gas, or better by electrical current. The salt- 
mixture was filled into an iron cylinder, outwardly lined with thick 
asbestos; its wall was provided with two diametrically opposed, 
narrow windows, which were closed by glassplates, fastened by 
means of asbestos-covered iron-frames. Through these planeparallel 


1) F. M. Jarcer, These Proc. Comm. I. (1914), 
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windows the desired observations were executed by means of a 
telescope; the beight of ascension in the capillary tubes was read 
upon a perpendicularly divided scale. The liquid salt in the surround- 
ing bath was continually stirred; an arrangement was made to 
prevent as much as possible the annoying currents of hot air circu- 
lating before the windows. 

In all these experiments it was stated very soon, that the investi- 
gated salts, when melted in the glass-tubes and on cooling again 
solidifying therein, made the tubes in most cases crack; or at least 
they appeared on renewed heating to get soon unsuitable and badly 
damaged, thus a substitution of the tubes by new ones being necessary 
after each experiment. 

After many attempts, the tubes were arranged finally in the fol- 
lowing way, to prevent this effect. AB (fig. 1) is a tube of Jena heavily 
fusible glass, which has a conical nar- 
rowing at a, and a sideway tube e 
with stopeoek d; the wider tube can 
be closed at its upper end by means 
of a stopper À, provided with the 
stopcock C. Just above the round 
bottom of the tube 5, a small plati- 
num crucible 7’ of about 1 cem. 
volume, hangs between three strong 
horizontal platinum-wires ; they are 
either melted into the glasswall of 
the tube, or they can be fixed to a 
platinum-ring, supported by three 
elevations in the wall of the tube. 
If in the last mentioned case the 
tube B at the same time is arranged 
in such a way, that e.g. just below 
e the two parts of it can be put 
together by means of a ground col- 
lar, it will thus be possible eventu- 
ally to take the platinum-ring easily 
from the tube, and to restore it again 
after thoroughly cleaning the different 
parts of the apparatus. In every case 
the platinum-crucible 7’ needs to be 
fixed into the tube as centrally as 
possible. The narrowing at a is ground 
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conically ; the piece 4 (also conically shaped, ground and enlarged) 
of the heavily fusible, capillary glass-tube, can just be fixed into it; 
the capillary tube thus has the form represented in fig. 1, and it is 
cut to such a length, that it can be easily caught with a pincette 
from above through the hole 4, while at its other end it reaches 
just to a little above the bottom of 7, if 6 is caught by the collar 
a. The enlarged part of 4 is provided at its outward side with two 
very fine, vertical canals, which thus have the function of capillary 
connections between the spaces A and 5. 

By means of a funnel with a broad and long stem, the crucible 
T is now filled with a sufficient quantity of the finely pulverised 
and dry salt; then AB is put into the bath, and as soon as the 
salt in 7’ is molten, the carefully cleaned capillary tube is lowered 
very slowly into the apparatus, until 5 is lying just in the collar a; 
immediately the liquid begins to rise then into the capillary tube. 
Then both stopeocks C and d are closed, after the tube being put 
in such a position, that the capillary tube will be just vertical; 
this may be easily controlled by means of a plummet. If now the 
air is eliminated from A through C, it will appear easily to let the 
liquid rise into the capillary tube, because the settlement of the 
pressure-differences in A and B will occur only very slowly by the 
narrow canals in 6; in this way one can try to wet the walls of 
the tube by the liquid salt, and to eliminate the air-bubbles even- 
tually inclosed. A superfluous rising into the capillary tube can be 
stopped at any moment by means of the stopcock d. Reversely, by 
sucking at d, it will be possible, if necessary, to introduce air into 
the molten salt through the capillary tube, or to remove the liquid 
from it; also it is possible to substitute the air in AB by a neutral 
atmosphere, e.g. by nitrogen or another gas, if desired. The experi- 
ment being finished, the capillary tube 4 is removed first; the salt 
will afterwards solidify in 7, without causing the cracking of the 
glass-tube. In such a way several experiments can be made by means 
of a single apparatus. 


§ 3. Although this method of operating can be recommended in 
such cases as in principle a very suitable one, the experimental 
difficulties however appeared to be of a rather appreciable magnitude, 

One of the chief difficulties was the elimination of the very small 
air-bubbles from the liquid in the capillary tube, which appeared to 
be transported into it, whenever the liquid begins to rise into the 
narrow tube. Notwithstanding all care, this could not be completely 
prevented, and the column of liquid then appears as if broken into 
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a great number of pieces. It is extremely difficult, again to eliminate 
such transported air-bubbles, even in repeating the above mentioned 
way of rising and falling of the liquid in the capillary tube for a 
number of times. Almost quite impossible is the elimination of the 
air, if the wall of the tube moreover is attacked by the molten salt, 
— this wall becoming more or less rough by it: the air-bubbles 
will then persist in sticking to the narrow canal. 

Moreover the microscopical control of the glass-tubes proved 
doubtlessly that the walls of it were attacked by the molten salt 
almost always seriously te a more or less extent; this fact, in con- 
nection with the just mentioned difficulties caused by the not 
removable air-bubbles and the impossibility to determine sufficiently 
the exact situation of the surface of the liquid in 7’, were the chief 
causes why these tentatives finally had to be stopped. In some cases, 
e.g. in that of sodiumchromate, we could obtain rather reliable data; 
but e.g. with lithiumsalts, which will always attack the glass in a 
high degree, and just so in the case of silvernitrate, only very un- 
trustworthy numbers could be obtained. It appeared moreover to be 
very difficult, to keep the temperature constant along the full length 
of the capillary tube; this can soon be controlled by means of a 
set of very small thermometers, placed within J at several distances 
from the bottom. 


§ 4. After this experience we thought it adviceable to abandon 
the said method completely. All numbers here given therefore are 
collected after the method formerly described by us in detail’); 
they relate to the purest salts. For the details of these experiments 
the reader is referred to Comm. I of this series. . 


§ 5. Measurements of molten Alcah-halogenides. 

This series includes the following salts: The Mluorides and Chlorides 
of Lithium, Sodium, Potassium, Rubidium and Caestum, and the 
Bromides and Lodides of Sodium, Potassium, Rubidium and Caesium. 
The preparation of the anhydrous bromide and iodide of lithium 
gave hitherto no good results, because of the hydrolysis caused by 
heating the crystallized, hydrated salts. 


1) F. M. JAEGER, loco cit. 335—348. 
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Ĳ 
Lithiumfluoride: LiF. 
| Maximum Pressure | 
Temperature OO 
de ad 
in mm. mer- : *. 
cury of 0° C. in Dynes 
| 
868.5 7.098 9463 } 249.5 
897.6 7.021 9360 248.0 
944 6.890 9186 | 242.3 
984.6 6.770 9026 | 238.3 
1029.4 | 6.634 8844 | 233,5 
1065 6.525 | 8699 229.8 | 
1116.5 6.323 | 8430 | 22287 | 
1155.5 6.170 | 8226 | 217.4 | 
1208 5.976 1967 210.6 | 
1270 5.700 7599 201.1 | 


Molecular weight: 25.99. Radius of the Capillary tube :0.05240 
Emssat 19°C. 
Depth: 0.1 mm. 


The salt melts at 840° C.; at 1150° it evaporates already rather 
rapidly, and above 1270° so fast, as to make measurements 
useless. The vapours show alkaline reaction. 


Il. 


Lithiumchloride: LiC/. 


Maximum Pressure H 
Temperature |— ee | 
tee oe 
in mm. mer- ; . 
cury: of 0°. .C. | in Dynes 
ami | 
611 3.028 5237 | 137.8 
640 3.859 5145 | 135.4 
680 3.786 5047 | 132.9 
734.5 3.668 | 4890 | 128.8 
115,5 3.580 47713 | 125.8 
813.7 3.504 | 4672 | 1252 
860.1 3.410 4546 | 119.9 
914.8 3.300 4400 | 116.1 
967.8 3.199 4265 112.6 
1021.9 3.082 | 4109 108.5 
1074.6 2.976 3968 104.8 


Molecular weight: 42.45. Radius of the Capillary tube: 0.05240 
cm. at 19° C. 
Depth: 0.1 mm. 


The salt melts at 608° C.; at 960 it begins to evaporate read- 
ily, and above 1080° so fast, that exact measurements become 
almost impossibie. The sublimed salt has a feeble alkaline reaction. 
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Ill. 


Sodiumfluoride: NaF. 


Maximum Pressure H 
Temperature Sarg ee 
Ute oe | ae aa 
in mm. mer- k . 
Cury Or Oo sg, in Dynes. 
©} 
1010 5.685 | 15719 199.5 
1052.8 5510 | 7426 19555 
1097 | 5.445 7259 191.2 
1146.7 5.290 | 7053 185.8 
1189 | 5.136 6847 180.5 
1234 | 5.019 6691 176.4 
1263.2 | 4.922 6562 Vist 
1313 4.761 6347 167.5 
135723 4.628 | 6170 162.9 
1405.3 | 4.480 5973 157.8 
1456.4 4.330 513 152.5 
1497 4.220 5626 148.7 
1546 | 4.070 5426 143.5 


Molecular weight: 42.0. Radius of the Capillary tube: 0.05223 cm. 
Depth: 0.1 mm. 
The salt melts at 990° C. At 1360° C. appreciable vaporisation 
sets in; at 1450° C. this occurs very rapidly. 


IV. 
Sodiumchloride: NaCl. 
| Maximum Pressure 
Temperature — Se rae Baie 
res in mm. mer- ae | pro em? 
| cury of OPG ee | 

802.6 | 3.580 4772.9 113.8 
810.5 | Sa 4162.2 ISD 
820.8 3.092 4735.5 112.9 

832 | Se 4692.9 | 111.9 

859 3.457 4608 .9 109.9 

883.2 3.401 4534.3 | 108.2 

907.5 3.345 4459.7 106.4 

930.6 | 3.285 4379.7 104.5 

960.5 3.201 4302.3 102.7 

995.5 3.132 4175.6 99.7 

1037 3.047 4062.3 97.0 
1080 2.951 3934.3 94.0 
112258 | 2.864 3818.3 91.3 
1171.8 2.761 3681.0 88.0 


Molecular weight: 58.46. Radius of the Capillary tube: 0.04736 cm. 
at 18° C. Depth: 0.1 mm. 

The pure salt melts at 801° C.; at 1080° it begins to evaporate 

already rapidly, at 1150° C. very rapidly. Between 801° and 859° C. | 


the coefficient of » seems to be about 0.57 Erg., and to increase 


with rise of temperature. The mass shows in water afterwards a | 


| strong alkaline reaction. | 


| 
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V. 


Sodiumbromide: NaBr. 


Maximum Pressure H | 
Surface-tension 
deere x in Erg. 
in mm. mer- : pro cm? 
) eury of 0° C, in Dynes 

7160.9 3.011 4015 105.8 
809.5 2.928 3904 102.9 
851.9 2.834 3778 99.6 
896.8 213t 3649 96.2 
941.5 2.640 3520 92.9 
984.5 2.556 3408 | 90.0 
1029.4 2.449 3265 86.2 
1073.5 2.384 3178 84.0 
1116 2 302 3069 81.1 
1165.7 2.214 2952 78.0 


Molecular weight: 102.92. Radius of the Capillar tube: 0.05240 
cm. at 192 C. 
Depth: 0.1 mm. 


The salt melts at 768° C.; it begins readily to evaporate at 
1000° C., and free bromine can be observed then. The sublimed 
salt possesses alkaline reaction. 


VI. 


Sodium-iodide: NaJ. 


Maximum Pressure H | î 
Temperature ee en 
aoa de 
in mm. mer- , ; . 
curry of 02°C. in Dynes 
705.5 2.438 3250 85.6 
746 2.388 3184 83.9 
815.5 2.291 - 3054 80.5 
860.7 2.209 2945 17.6 


Molecular weight: 149.92. Radius of the Capillary tube : 0.05240 
cin: at 19° C. 
Depth: 0.1 mm. 


The salt, which melts at about 660° C, evaporates soon to a 
high degree, and free iodine is observed. The sublimed: salt 
reacts somewhat alkaline. 
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VIL. 


Potassiumfluoride : KF. 


Maximum Pressure 7 
Temperature SU ey | 
in oC. i Hos Kas 
in mm. mer- | 5 s 
cury of 0 C. in Dynes. 
912.7 4.123 5497 138.4 
961.5 4.024 5365 | ee? 
1015 3.898 5197 131.0 
1062 3.790 5053 127.4 
1097 3 701 4934 124.5 | 
1146.5 3.564 4752 119.9 / 
1185 3.450 4600 idol | 
1234 3.336 4448 i WARE: 
1275 3.225 | 4300 108.6 


1310 3.116 4154 | 104.9 


Molecular weight: 58.1. Radius of the Capillary tube: 0.05002 
cm. at 18° C. 
Depth: 0.1 mm. 
The salt melts at 860° C. At 1140° C. it begins to evaporate 
distinctly, at 1180° C. this goes on already rapidly, while acid 
vapours are set free. 


VIII. 


Potassiumchloride: KCl. 


Maximum Pressure H : 
Temperature sphere ci 
in° C, in mm. mer- mp ae wee 
cory of 0° C.. || Ne dk 
799.5 | 3.015 4019 | 95.8 
827.1 2.957 3942 94.0 
861.5 20813 | 3830 91.3 
885.1 | 2.819 3758 89.7 
908.5 2.768 | 3690 88.0 
94 | 2.697 3595 85.8 
986 2.582 3442 82.2 
1029 2.484 | 3311 19.1 | 
1054 2.425 3233 112 
1087.5 | 2.361 | 3147 15.2 
1103.6 2.313 | 3083 TEN | 
1125 22215 | 3033 12.5 
1167 | 2.182 | 2909 69.6 


Molecular weight: 74.56. Radius of the Capillary tube: 0.04736 cm. 
ads C. 
Depth: 0.1 mm. 


The compound solidifies after heating above its meltingpoint | 
during 4 hours, at 768°? C. It evaporates at 980° already appreci- 
ably, at 1160° very rapidly. The vapours are acid, while the soli- | 


_dified mass shows in water alkaline reaction. The val::es of the 


‚maximum pressure appear to decrease gradually, as a result of 


continuous heating of the molten mass above 1190’ C. 


or 
ler 
Ie 


Potassiumbromide: KBr. 


Maximum Pressure H 
Temperature Sd 
de LO 
in mm. mer- ; . 
ciry of OPC, | .™ Mote 
Oo [ a 
115 2.102 3602 85.7 
798 2.642 3522 83.8 
826 2.585 3446 82.0 
859 2.504 3338 79.5 
886.5 2.450 3266 711.8 
920 2.376 3167 15.4 


Molecular weight: 119.02. Radius of the Capillary tube : 0.04728 
em. ab 1b? CG: 
Depth: 0.1 mm. 


The salt melts at 734° C. At 825° C, already a decomposition 
under liberation of hydrobromic acid and bromine is observed; 
at 940° C. the salt evaporates so rapidly and decomposes to 
such a degree, that further determinations seem to be useless, 


x 


Potassium-iodide: KJ. 


Maximum Pressure H | 
Temperature Bene = Bek deve 
ee BOE, 
in mm. mer- : . 
eum of 0? C. in Dynes 
131 2.372 3162 15.2 
164 2.214 3031 Tael 
812 2.183 2910 69.2 
866 2.106 2807 66.8 
873 2.097 2795 66.5 
Molecular weight: 165.96. Radius of the Capillary tube: 0.04728 
Gite at. 15° CG: 
Depth: 0.1 mm. 


The salt melts at 681.95 C. At 750° C. already it begins to 
evaporate very appreciably, while iodine is set free. For again 
higher temperatures the determinations can hardly have any 
essential significance. 


37 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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XI. 


Rubidiumfluoride: RdF. 


Temperature 


Maximum Pressure 


Fe : pages hie 
DIE: | Z an rs. 

| in mm. mer- | . pro cm*. 

| cury of 0° C. | in Dynes | 

| | 
802°6 3.630 4839 127.2 
847.2 3.461 4614 121.3 
886.8 3.327 4436 116.7 
936 3.220 4203 113.0 
085.6 3.102 4136 108.9 
1036.7 2.997 3996 105.2 
1085.4 2.910 3879 102.2 


Molecular weight: 104.45. 


Radius of the Capillary tube: 0.05223 
ent, ae 19? .C. 
Depth: 0.1 mm. 


The salt melts at 765° C. At 1000° C. it begins already to 
evaporate in an appreciable degree. 


| Surface-tension | 


XII. 


Rubidiumchloride : RdC/. 


| 
| 


Maximum Pressure H 


Surface-tension 


even | in Erg, 
in mm. mer- : . 
cury of 0? C. in Dynes 
o 
750 22132 3642 95.7 
769.7 2.689 3585 94.2 
828.2 2.540 3386 89.0 
889 2.410 3213 84.5 
922.7 2.318 3084 81.1 
933 2.278 3037 79.9 
961.5 2.205 2940 11.3 
994 2.130 2840 14.7 
1036.6 2.030 2106 1,8 
1088.5 1.900 2533 66.7 
1150 1.749 2332 61.4 


Molecular weight: 120.91. 


The salt melts at 720° 
already distinctly. Analysis gave: 29.25 0/, 
proving satisfactorily the purity of the salt. 


Radius of the Capillary tube: 0.05223 
Gni.-vat 19°C. 
Depth: 0.1 mm. 


Gx 


at 950° C. it begins to sublime 


Cl and 70.15%), Rb, 


— 


| 
| 
| 


Rubidiumbromide: RdbBr. 


Temperature 


Maximum Pressure H 


Surface-tension 


ra rr a eee z in Erg. 
kak. in mm. mer- in D pro cm’. 
cury of 0° C. in, Bynes 
oO 
729.2 2.504 3338 87.7 
779 2.401 3201 | 84.1 
831 2.301 3068 80.7 
884.3 | 2.200 2933 | TZ 
943.5 2.084 2718 13.1 
985.7 2.000 2666 10.2 
1041 1.900 2533 66.7 
1121 1.724 2298 60.6 


Molecular weight: 165.37. Radius of the Capillary tube : 0.05223 
en: at 19°C: 
Depth: 0.1 mm. 


The salt melts at about 685° C.; at 940° C. already it begins to subli- 
me, while bromine and hydrobromic acid distinctly are observed too. 


XIV. 


Rubidium-lodide: RdJ. 


Maximum Pressure 


‚ Surface-tension 


Dem Benue | in Erg, 
in mm. mer- ‘ : 
| cury of 0° C. in Dynes 

ie) 
673.4 2.268 3024 79.4 
721.8 2.165 | 2886 15.8 
15 | 2.061 | 2748 72.2 
822 1.956 | 2607 68.5 
869 1.857 | 2476 65.1 
918 1.758 2344 61.6 
968 1.663 221 58.3 
1016 1.518 2104 55.4 


| 


Molecular weight: 212.37. 


Radius of the Capillary tube : 0.05223 
cin. at 199 GC: 
Depth: 0.1 mm. 


The salt melts at 642° C. At 900° C. evaporation happens 
already distinctly; at 1000° C. it is so fast, that the measure- 
ments are influenced by it in a most troublesome way, the values 
of H seeming to be increased by the heavy vapours. 


37% 
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XV. 


Caesiumfluoride: CsF. 


Maximum Pressure H 
Temperature |— pai td 
on i Ef 
in mm. mer- . . 
cury of 0? C. in Dynes 

722.5 3.116 4154 104.5 
768.7 3.011 4014 101.0 
825.6 2.872 3829 96.4 
877.3 2.748 3664 92.3 
929.7 2.624 3498 88.1 
985 2.510 3346 84.3 
1042 2.418 3224 813 
1100 2.346 3128 78.9 


Molecular weight: 151.81. Radius of the Capillary tube: 0.05002 


cm: at 18° C. 
Depth: 0.1 mm. 
The salt melts at 692° C. At 990° C. it begins to evaporate 
distinctly. 
XVI. 
Caesiumchloride: CsCl. 
Maximum Pressure H 
Temperature be eS 
cur OE oe in Dynes ; 
663.7 2.660 3546 89.2 
77 2.560 3413 85.9 
771 2.440 3253 81.9 
829.6 20315 3086 Tit 
881 2.193 2924 Sea 
934.2 2.075 27166 69.7 
979 1.975 2633 66.4 
1034.7 1.833 2444 61.6 
1080 1.673 2230 ONS 


Molecular weight: 168.27. Radius of the Capillary tube: 0.05002 


em:tat A82, 
Depth: 0.1 mm. 


The salt melts at 632? C. At 925° C. it begins to sublime; at 
1000° C. the evaporation occurs already very rapidly. 


| 


XVII. 
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Caesiumbromide: CsBr. 


Maximum Pressure H 


Surface-tension 


dike | ‚in Erg. 
in mm. mer- | : pro cm-¢. 
cury of 0° C. | in Dynes 
8 | : 
657.7 2.439 | 3252 81.8 
693.6 2.351 | 3134 78.9 
752.5 ras | 2974 14.9 
807.5 2.132 | 2842 71.6 
858.3 2.040 | 2720 68.5 
915.8 1.950 | 2600 65.5 
970.6 1.865 | 2486 62.7 


Molecular weight: 212.73. Radius of the Capillary tube: 0.05002 
Ci. ab 18° 7G: 
Depth: 0.1 mm. 


The salt melts at 631° C. At 900° C. it evaporates already 
very rapidly, making the measurements very difficult. 


XVIII. 


Caesium-lodide: CsJ. 


Maximum Pressure H 


Surface-tension 


yee i Erg. 
in mm. mer- . : . 
cury of 0° C. in Dynes 
o 
653.6 2.178 | 2904 13:1 
113 2.050 | 2733 68.8 
768.2 1.955 2606 65.7 
821.4 1.860 2480 oe) 
879 1.762 2349 092 
926 1.684 2245 56.6 
980 1.600 2134 53.8 
1030 1.520 2026 bi 1 


Molecular weight: 259.73. 


cmt-at 185r CG: 
Depth: 0.1 mm. 


Radius of the Capillary tube : 0.05002 


The salt melts at 620° C. It begins to sublime appreciably — 


at 825° C. 
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§ 6. The temperature-cocificients of the specific sur face-energy 
of the molten alcali-halogenides. 

During these measurements, it became clear, that the shape of 
the curves, which illustrated the dependence ef 4 and f‚ was in 
most cases much nearer to that of straight lines, than was the 
ease with most of the hitherto investigated organic liquids. However 
it must be remarked, that notwithstanding this, also in the case of 
molten salts, the y-t-curves could evidently belong to every one of 
the three formerly discerned possible types, while in the case of 
occurring dissociation a more rapid bending towards the temperature- 
axis could be stated, just as in the analogous cases formerly studied. - 
Because of the much greater values of the maximum-pressures 
however in the here studied cases, those deviations from straight 
lines come much less to the foreground. As a consequence, in thirty 
cases of the about forty investigated salts, the dependence of y and 
t could be expressed with sufficient accuracy by mear expressions ; 
for the remaining cases a quadratic expression in ¢ with three con- 
stants appeared to be adapted to this purpose to a really sufficient 
degree. 

If ¢, is the meltingpomt of the salt, then 7, above this melting- 
point, can be calculated from an equation of the form: 

Ha b(¢t— t) Helt —t)’, 
in which a corresponds to the value of y, at the meltingpoint. In 
the following table the corresponding values of ¢,, a, 6 and c for 
every one of the investigated halogenides are resumed: 


| 
Formula of | 3 | 
the Salt. t‚in°G | a | b | 4 | 
| | | 
LiF | 840 955 2 |) Ores. 110 
| LiCl 608 140.2 0.076 0 
NaF 990 201 .6 0.106 0 
NaCl 801 114.1 0.071 0 
NaBr 768 106.5 0.069 0 
NaJ 660 88.2 0.053 0 
KF 858 143.2 | 0.087 0 | 
Kcl 780 97.4 0.072 0 | 
KBr 134 855. | 0010 0 | 
KJ 681 78.3 0.064 0 
RbF 765 132.0 0.131 0.00012 | 
Rbcl 720 98.3 0.086 0 | 
RbBr 685 90.7 0.069 0 | 
RbJ 642 80.3 0.065 0 
CsF 692 107.1 0.088 0.00004 | 
CsCl 646 91.3 0.077 0 
| CsBr 631 83.6 0.063 0 
| CsJ 620 91.6 0.056 0 
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§ 7. From these data it can be deduced in the first place, that 
in general the temperature-coefficients of the specifie surface-energy 
x of these salts appear to be smaller than for most organic liquids. 
While in the last mentioned cases these values are oscillating between 
0.09 and 0.13, as the following instances may prove once more: 


Acetic acid: 0.118. Guajacol : 0.117. 

Benzene: 0.136. | Resorcine- Dimethylether : 0.105. 
Diethylmalonate: 0.102 Hydroquinone Dimethylether: 0.109. 
Anisol: 0.114. | Pyridine : 0.125. 

Phenetol: 0.102. _a-Picoline : 0.128. 

Anethol: 0.094. ‚Chinoline : 0.104. 


— the values of 0 for these salts are situated between 0,05 and 
0,09, being thus about of the order of magnitude of the coefficient 
for e.g. ethylalcohol: 0,086. Only in the case of some fluorides some 
numbers for 6 were found, corresponding in some degree with those 
for organic liquids. (Lif : 0,126; RbF : 0,181; NaF : 0,106). If 
attention is drawn to the much higher temperatures of observation 
in the case of molten salts in comparison with those of the organic 
liquids, it will be hardly permitted to conclude to a principal differ- 
ence in this respect, in the behaviour of both classes of liquids; on 
the other side however just with respect to these much higher 
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temperatures, the enormously high absolute values of x with these 
salts, which may occasionally be more than three times that of 
water, must be considered as very remarkable. In connection with 
the data given above, we can moreover generally conclude: 

1. The temperature-coefficient b of the specific surface-energy 
decreases continually in the case of the four halogenides of the same 
alcali-metal, with increasing atomic weight of the halogen-atom. This 
rule holds evidently quite accurately in all the cases here considered. 

As to the absolute values of x of these salts, attention can more- 
over be drawn to the following general rules: 

2. At the same temperature t, the values y‚ for the same halogenide 
of all alcali-metals, will decrease gradually with increasing atomic 
weight of the alcali-metal. 

3. At the same temperature t the values 4, will gradually decrease in 
the case of the four halogenides of the same alcali-metal, with increas- 
ing atomic weight of the halogen-atom. 

These relations however do not possess a simple additive character. 

Generally speaking, the Zi-eompounds appear to deviate more 
from those of the other alcali-metals, than these from each other; 
the A-, Rb-, and Cs-compounds approach each other more, than 
each of these elements do the corresponding Na-compounds, while 
in the series of the first mentioned three alcalimetals, the compounds 
of K and A5 appear to have the nearest analogies to each other, 
Probably the liquid lithium-salts may possess a higher degree of 
molecular complexity, than the salts of the other alcali-metals. 


Groningen, Augustus 1914. Laboratory for Inorganic and Physical 
Chemistry of the University. 


Chemistry. — “Researches on the Temperature-coefficienis of the 
free Surface-energy of Liquids at Temperatures between 
— 80° and 1650° C. VIII. The Specific Surface-energy of 
some Salts of the Alcali-metals.” By Prof. Dr. F. M. JarGer. 
(Communicated by Prof. H. Haca): 


§ 1. As a sequel to the data published in the foregoing com- 
munication, which related to the /alogenides of the aleali-metals, 
the results of the measurements made with a number of salts of 
the alcali-metals, which belong to some other series, are communicated 
in the following pages. These measurements include the following 
objects: | 
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The Sulphates of Lithium, Sodium, Potassium, Rubidium and 
Caesium; the Nitrates of Lithium, Sodium, Potassium, Rubidium and 
Caesium; the Metaborates of Lithium, Sodium and Potassium; and 
the Molybdates, Tungstates and Metaphosphates of Sodium and 
Potassium. 

With the exception of rubidiumsulfate, which evidently contained 
some potassiumsulfate, all salts were chemically pure; the sulfates, 
molybdates and tungstates were those commonly used in this laboratory 
for the calibration of the thermoelements, and just the same was 
the case with lithiummetaborate. For the method and practice of the 
measurements ete., we can refer to the foregoing communication. 


§ 2. 
iG 
Lithiumsulphate: Li,.SO,. 
| | , A | 
| | Maximum Pressure H he q 
Temperature | SEON 
ee a 
| in mm. mer- | . 
| | cury of 0° C. in Dynes | 
| 860 | 6.361 | 8481 | 223.8 
| 873.5 | 6.342 | 8455 | 223.1 
897 | 6.303 | 8403 | 221.8 
| 923 6.256 | 8341 220.2 
| 962.5 | 6.169 8224 | 217.4 
976.8 | 6.146 | 8194 | 216.4 | 
| 1001.2 | 6.099 | 8132 | 214.8 
| 1038.5 | 6.027 | 8035 212.3 
| 1057 | 5.987 | 7982 | 211.0 
| 1074 | 5.953 | 7936 209.8 
| 1089.5 | 5.923 | 7897 208.8 
| 1112 | 5.879 | 7838 | 207.3 
1156.5 | 5.791 il 7720 204.2 
1167.5 | 5.166 | 7687 203.4 
1183.5 5.131 7649 202.4 
1192.2 | 5.718 | 7624 201.8 | 
1214 | 5.675 | 1566 | 200.3 
Molecular weight: 109.94. Radius of the Capillary tube 0.05240 
' cm. at 16°C. 
| Depth: 0.1 mm. 
The meltingpoint is 852° C.; the salt appears to be stable up 
to rather high temperatures. 
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II. 


Sodiumsulphate: Na,SOQ,. 


Maximum Pressure Teds! 
Surface-tension 


pe berets ea | yin Erg. 
i . : : pro cm’. / 
in om, mer | in Dynes | 
900 6.285 8379 | 104.8 
945 6.247 8329 189.3. | 
99) | 6.209 8278 188.2 
1032 6.149 81c8 | 186.5 
1077 6.088 8116 | 184.7 


Molecular weight: 142.07. Radius of the Capillary tube: 0.04512 
cm, at 16° € 
Depth: 0.1 mm. 


| The salt melted at 884° C. The molten mass, if brought into 
water, shows an alkaline reaction, if the temperature of the 
| molten salt has been above 1100’ C. 


III. 


Potassiumsulphate: ASO, 


| 
Maximum Pressure H | 
EEE CE be Wd en 
oe. eee 
in mm. mer- : : 
| eury, af 0°, C, ch Dynes | 
fe) | | | : 
1070.2 | 4.080 5439 | 143.7 
1103 4.048 | 5397 | 142.6 
1145 | 3.989 5318 | 140.6 
1199 3.818 5171 | 136.7 
1247 3.762 L 5016 / 132.7 
1305.5 3.651 | 4868 | 128.8 
1347 3.578 4770 126.2 
1371.5 | 3.529 | 4705 | 124.6 
- 1400 | 3.468 4623 122.4 
| 1439.5 3.393 4523 119.8 
| 1462.5 3.344 4458 | 118.1 
1490.4 3.286 4381 | 116: 1 
1530.3 3.228 | 4304 | 114.1 
1586 3.130 4173 110.7 
1656 3.020 4026 | 106.8 


Molecular weight: 174.27. Radius of the Capillary tube: 0.05240 | 
eit, at 19S | 
Depth: 0.1 mm. 


The salt melts at 1074° C., and does not dissociate appreciably 
up to 1550° C. 


Rubidiumsulphate: Rb,S0,. 


Maximum Pressure H 


Surface-tension 


ee Dan Erg. 
; in mm. mer- ; pro cmé, 
cury ot 0E: in Dynes 
le) | 

1086 | 3.760 5013 132.5 
1d? 3.681 4907 129.7 
1144.7 3.611 4814 iss 
1195 3.520 4693 124.2 
1234.5 3.452 4602 121.8 
1289 3.368 4490 118.9 
1343.8 3.286 4381 116.0 
1396.8 | 3,223 4297 113.8 
1414.6 | 3.200 4267 113.1 
1482 3.138 4183 110.9 
1545 | 3.079 4105 108.9 


Molecular weight: 266.97. Radius of the Capillary tube: 0.0524 
Sina 16° A. 
Depht: 0.1 mm. 


The salt melts at 1055° C. At about 1400° C. it begins to 
evaporate somewhat faster, and sublimes against the colder parts 
of the apparatus. It appears to contain some K2SQ04; analysis 
gave: 31,45 % SO, and 62,56 %, Rb, instead of 36 %, SO, 


and 64°, Rb. 
V. 
Caesiumsulphate: Cs,S0O4. 
Maximum Pressure H 
Temperature Ser 
see A 
in mm. mer- : : 
cury of 0° C. in Dynes 
| 
1036 dab 71 4226 111.3 
1063 3.080 4106 108.2 
1105 | 2.988 3984 105.0 
1165 | 2.869 3825 100.8 
1221 | 2.764 3685 91.3 
1274.5 2.691 3588 94.7 
1331.4 2.607 3476 Ol i 
1372 DD, 3402 89.8 
1423 2.482 3309 87.4 
1470 2.427 3236 85.5 
1530 2.354 3138 83.0 


Molecular weight: 361.69. Radius of the Capillary tube: 0.05223 
em.- at. 18° C. 
Depth: 0.1 mm. 


_ The salt melts at ca. 1015° C. At 1325° C. it begins to evaporate 
in an appreciable degree; at 1440° C. very rapidly, and at nigher 
temperatures it sublimes in a rather troublesome way. 
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VI. 


Lithiumnitrate: LiNO3. 


Maximum Pressure 1 
Surface-tension | 

AIDE = x in Erg. 

: in mm. mer- pro cm’. 
cury of 0° C. in Dynes 

358.5 3.334 4445 111.5 
403 3.260 4347 109.1 
418.2 3.240 4320 108.4 
445.3 3.169 | 4225 106.0 
492.5 3.069 4092 102.3 
555.3 2.956 3941 99.0 
609.4 258712 3829 96.2 


Molecular weight; 68.95. Radius of the Capillary tube: 0.05002 
enal. 18E. 
Depth: 0.1 mm. 


The salt melts at 254° C. to a very thin liquid. The values 
of x are evidently smaller than in the case of the sodium nitrate. 
At 600° C. already a decomposition, with oxygen and nitrous 
vapours setting free, can be stated. 


Sodiumnitrate: NaNO3. 


| Maximum Pressure H | 
Temperature zj - il Seen 
in © CG. ea / : oe pen 
| in mm. mer- | : “ 
cury of 0° C. | in Dynes 
— 
321°5 3.580 | 4713 | 191 | 
355 3.534 4711 118.1 | 
396.5 | 3.466 4621 115.9 | 
426.5 ce ae 4549 (Ee 
465.7 | 3.341 4454 111.8 | 
513.1 | 3.253 4337 108.9 
559 | 3.162 | 4216 105.9 | 
601.6 | 3.086 | 4114 103.4 
656.3 | 2.966 | 3054 99.4 
693 | 2.889 3852 96.8 
738.2 | 2.793 3723 93.7 


Molecular weight: 85.01. Radius oe the Capillary tube: 0 05002 cm. 
at 18° C. 
Depth: 0.1 mm. 


The salt melts at 312? C. At 700° C. already it distinctly 
gives off nitrous vapours and oxygen; the solidified mass gives 
in water a strong alkaline reaction. 


VIII. 


Potassiumnitrate: KN03. 


| 
Maximum Pressure H | 
: Surface-tension 


io rani | | | A Erg 
in mm. mer- | : = 
cury of O° CG. | in Dynes 
| 
oO ' 
380 | 3.300 4400 110.4 
436 | 3.168 | 4223 | 106.0 
480.1 | 3.073 4097 102.8 
534.3 2.942 3923 98.5 
578 2.841 | 3788 05.2 
628 | 2135 3646 | 91.6 
675.4 2.623 | 3497 87.9 
delen 2.506 3341 84.0 
771.6 2.391 3188 | 80.2 


Molecular weight: 101.11. Radius of the Capillary tube 0.05002 
cm. at 18 C. 
Depth: 0.1 mm. 
The salt melts at 339° C. At 760° C. already a decomposition, ana- | 
logous to that observed in the case of the sodiumsalt, can be stated. 


=~ iS 


id — ——. | 


Rubidiumnitrate: RbNO3. 


Maximum Pressure 7 ; 
Temperature En ee En 

mr. : | Die, en 

in mm. mer- | zs 
cury of 0° C. | in Dynes 
le) | | | 

326.5 | 3215 4286 | 107.5 
3716 | 3.110 | 4146 | 104.0 
428 | 2.982 | 3976 99.8 
480 | 2.871 | 3828 96.1 
527 | 2.763 | 3684 92.5 
518 | 2.653 | 3537 88.9 
625 2.556 | 3408 85.6 
676.2 2.429 3238 81.4 
726.2 | 2.316 3088 Wich | 


Molecular weight: 147.46. Radius of the Capillary, tube: 0.05002 
cm. at 18° C. 
Depth: 0.1 mm. 


The salt melts at 304° C. At 650° C. it begins to decompose, 
setting free oxygen and nitrous vapours. 


X. 


Caesiumnitrate: CsNO3. 


| Maximum Pressure H | a 
| | Surface-tension 
de Pi | | an Erg. 
| in mm. mer- { pro cm? 
| cury of 0 C. in Dynes 
425.5 243 | 3657 | 91.8 
459.7 | 2.636 | 3514 88.2 
| 5il | 2.500 | 3333 83.7 
576.5 | 2.366 3154 79.2 
602 BON 0 3036 | 76.3 
686.4 2.162 | 2882 | po 


cm. at 18’ 


Molecular weight: 194.82. Radius of ti Capillary tube: 0.05002 | 
| Depth: 0.1 mm. | 


The salt melts at 414° C.; just as in the case of the solubi- 
| lities, also in the situation of the meltingpoints of K-. Rb-, and 
| Cs- nitrates an evident irregularity can be stated. At 609° C. 
already the molten salt begins to decompose. 
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XL 


Lithium-Metaborate : LiBO,. 


Maximum Pressure H 
Temperature Surface-tension 
net x in Erg. 
in mm. mer- . pro cm”. 
cury of 0° C. in Dynes 
le) 
879.2 7.442 9922 261.8 
922 1.379 9838 259.7 
| 967.5 7.279 9704 256.2 
1011.5 7.190 9586 253.1 
1054.5 7.108 9476 250.3 
1097.3 7.034 9378 247.7 
1149.7 6.912 9215 243.6 
| 1198 6.800 9066 239.7 
1249 6.638 8850 234.2 
1309.3 6.399 8531 225.8 
1355 6.252 8335 2207 
1408 6.022 8029 pb a 
1457 5.750 1666 203.1 
1520 5.445 7260 192.4 
Molecular weight: 49.99. Radius of the Capillary tube: 0.05240 
em. at 19° LG: 
Depth: 0.1 mm. 


The salt melts at 845° C. At 1200° C. it begins to evaporate 
| appreciably; the vapours show alkaline reaction (Li,0). At 1300° C. 
| the volatilisation of the Li,0 occurs already rather rapidly; the z-t- 
curve descends by this dissociation far more rapidly, than in 
the beginning. 


XII 
Sodiummetaborate : NaBO,. 
Maximum Pressure H 
Temperature B eas 

ES Cn en 

in mm. mer- ‘ . 

cury of 0° C. in Dynes 
1015.6 5.762 7682 | 193.7 
1051.9 5.599 | 7465 188.3 
1096.5 5.378 7170 180.9 
1140 5.190 6919 | 141 
1192.2 4.933 6577 166.1 
1234 4.700 | 6266 | 159.7 
1276.5 4.476 5967 150.8 
1323:8 4,239 5651 | 142.9 
1372 4.006 | 5341 | 135.1 
1441 3.740 | 4986 | 126. 2 


Molecular weight: 66.0. Radius of the Capillary tube: 0.05002 
cat ab 19E: 
Depth: 0.01 mm. 


The salt melts at ca. 965° C. At 1230° C. it begins to evaporate 
distinctly; at 1350° the evaporation goes on rapidly. 


XIII. 


Potassiummetaborate: KBO. 


Maximum Pressure H 
Surface-tension 

RG x in Erg. 

in mm. mer- pro cm? 
cury of 0° C, in Dynes 

992’ 3.676 4901 123.5 
1036 | 3.341 4454 1129 
1091 3.062 4083 | 103.0 
1142 ) 2.872 3829 96.6 


Molecular weight: 82.1. Radius of the Capillary tube: 0.05002 
cnn at, 18°°C. 
Depth: 0.1—0.3 mm. 


The salt melts at about 946° C. The measurements were diffi- 
cult by the great volatility and high viscosity of the substance. 
The obtained values cannot be considered therefore as being 
highly accurate. 
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Fig. 3. 
XIV. 
Sodiummolybdate : Na,MoO4. 
Maximum Pressure H | 
Temperature | Sua asian 
in ° C. eg ve peek 
in mm. mer- | ; ; 
Cuny oP 02 1G, |) in Dynes 
698.5 6.091 8122 | 214.0 
728.5 5.975 1967 210.0 
| 751 | 5.921 1893 208.1 
Ad | 5.828 7110 | 204.9 
| 818.8 | 5 (ol 1675 202.4 
| 858.5 | 5; 607 | 1542 199.0 
903.8 | 5.552 1401 | 195.4 
948 | 5.436 7247 191.4 
989.5 | 5.330 7106 Sia 
1035 | 5.224 6966 | 184.1 
1078.5 5.141 6854 | 181.2 
112155 5.070 | 6760 | 178.8 
bird B | 4.998 | 6654 176.1 
1212 | 4.947 | 6595 | 174.6 
| wk En | 
Molecular weight: 206. Radius of the Capillary tube; 0.05240 cm. 
Depth: 0.1 mm. 
The salt melts at 687° C. to a colourless liquid. 
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XV. 


Potassium-Molybdate: K,Mo0,. 


ON Maximum Pressure H | Surface-tension 
in ° C. in mm. mer eee tes Erg. 
cury of 0° C. in Dynes Petey, 
O° 
930.6 4.310 5746 150.5 
9717 4.218 5626 147.3 
1021 4.158 5543 145.2 
1105 4.021 5360 140.7 
1143 3.960 5280 138.6 
1189.3 | 3.868 5156 [35.5 
1273 3.714 4950 130.0 
1286 3.676 4900 128.8 
1356 20 4712 123.6 
1438 3.364 4483 118.0 
1452.8 3.330 | 4440 116.9 
1522:3 3,205 | 42713 11255 
Molecular weight: 238.2. Radius of the Capillary tube: 0.05240 
em: at 18° °G; 
Depth: 0.1 mm. 


The salt melts at 919° C.; at 1400°C. it begins to decompose 


very slowly. 


Sodiumtungstate: Na,Wo00,. 


XVI. 


pele aks Maximum Pressure Surfa ce-tension 
‘ ; Xv in Ere. 
corr. on A 
Gh). | derde, | im Dynes ee 
le} 
710 5.932 7909 203.3 
719.5 5.909 7818 202.6 
741 5.863 7817 201.0 
188 Dn 7103 198.2 
834 5.686 7580 195.2 
879 5.579 1438 191.5 
932 opt] 1355 189.5 
985.3 5.364 il 184.2 
1038.5 5.280 7040 181.4 
1080.5 5.186 6913 178.3 
1133 5.073 6762 174.6 
1181.4 5.010 6679 172.4 
1231.5 4,880 6506 168.0 
1281.8 4155 6339. 163.8 
1331.25 4,663 6217 160.6 
1390.5 4,494 5991 155.0 
1450 4,405 5872 152.0 
1516.5 4.265 5686 147.3 
1559 4.171 5560 144.0 
1595 4.129 5508 142.6 


Molecular weight: 


Radius of the Capillary tube: 0.05113 


cm. at 16° C. 
Depth: 0.1 mm. 


The colourless, perfectly anhydrous salt melts at 694° C toa 
very clear, somewhat viscous liquid, which however at higher 
temperatures soon becomes much thinner. 
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XVII. 
Potassiumtungstate: K,W0,. 
Maximum Pressure H ! 
Temperature as a 
meee a 
in mm. mer- - . 
cury of 0° C. in Dynes 
925 4.611 6147 161.0 
969 4.410 5879 154.1 
1012.5 4.305 5739 150.2 
1051.5 Ado 5563 145.9 
1097 4.056 5409 141.9 
1138.8 3.943 Dal 138.0 
1183.2 3.832 5109 134.1 
1230 3.720 4960 130.3 
1284 3.558 4744 124.6 
1322.4 3.449 4598 120.9 
1366.5 3.379 4505 118.4 
| 1408.5 3.259 4345 114.3 
1458.2 Stal At 4180 110.0 
1489 3.076 4101 107.9 
152055 3.010 4013 105.6 


| Molecular weight: 326.2. Radius of the Capillary tube: 0.05201 
| em. at 17° G. 
| 


Depth: 0.1—0.2 mm. 


The meltingpoint of the salt is 921° C.; even at 1500° C. the 
compound does not sublime appreciably. 


Specific Surface-Energy 
in Erg. pro cm?. 
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XVIII. 


Sodium-Metaphosphate: NaP03. 


Maximum Pressure H 3 
Tem DEES Su are ie a 
met: - 
in mm. mer- : pro cm? 
cury of 0? C. in Dynes 
827° 5.130 7639 197.5 
871.4 5.648 7538 194.8 
927 5.559 7403 191.6 
1014 5.406 7202 186.7 
1098.5 5 204 1004 181.6 
1181 5.109 6811 176.6 
1264.5 4.939 6584 170.9 
1317 4.814 6418 166.7 
1434 4.511 6014 156.2 
1516.5 4.254 5671 147.5 


Molecular weight: 102.04. Radius of the Capillary tube: 0.05140 
em. abs? XE: 
Depth: 0.1 mm. 


The salt melts at about 620° C. At 1200° C. it begins to eva- 
porate considerably, and sublimes readily at higher temperatures. 


XIX. 


Potassium-Metaphosphate: KPO,. 


Maximum Pressure H 
Temperature heee 

ei / ; 

Pi: in mm. mer- Duas pro cm?, 
cury of 0° C, y 
fe} 

897 4.506 6007 15575 
942 4.395 5860 151.8 
995.7 4.346 5793 149.0 
1036 4.233 5643 146.1 
1082 4.137 5515 143.0 
1120 4.060 5413 140.3 
1167 3.957 5275 136.8 
1205.2 3.859 5145 133.5 
1250 3.842 5122 130.2 
1288 3.650 4866 126.3 
1344.5 3.538 4717 12225 
1372 3.422 4562 118.5 
1412.5 3.310 4413 114.7 
1496.5 3.043 4057 105.5 
1536 2.894 3858 100.3 


Molecular weight: 118. Radius of the Capillary tube: 0.05140 cm. 


The salt melts at about 820° C.; it begins to evaporate readily 
at 1400° C., and sublimes fast at higher temperatures, 


Depth: 0.1 mm. 
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§ 8. The Temperature-coefficients of the Specific Surface-energy 
In connection with what was said in the foregoing communication 
about the calculation of xy, at any arbitrary temperature ¢, lying 
above the meltingpoint ¢, of the salt investigated, we only need to 
resume here the corresponding values of ¢,, a, 6, and c, for each salt: 


Fone Es in en a | b c Remarks. 
| | | 
LiySO, | 8520 | 224.4 | 0.067 | 0 
Na2804 | 884 | 196.3 0.140 0.00042 
K,SO4 1074 144.5 | 0.066 0 
RboSO4 | 1055 135.0 | 0.087 0.00007 
CsyS04 1015 113.1 0.087 | 0.00006 
LiN03 254 | 118.4 0.063 | 0 
NaNO; 312 120.7 | 0.063 | 0 
KNO3 339 412.90 0.075: =| 0 
RbNOZ 304 | 109.4 0.075 | 0 
CsNO3 414 | 92.0 0.084 | 0 | 
LiBO, 845 | 264.8 0.082 | 0 Decomposes 
| above 1320° C. 
NaBO, 965 201.6 | 0.159 | 0 
KBO, 946 136.6 0.310 0.00053 
Na,Mo0, 687 2d 0.121 0.00009 
| K,Mo0, 919 1525 0.066 | 0 
| Na, WO, | 694 | 204.4 | 0.068 | 0 
K,W0Oy, | 921 | 158.2 | 0.083 0 
NaPO3 | 620 | 209.5 | 0.059 0 
| Only up to 1275° 
| | | | C.; then the curve 
KPO; | 820 161.2 | 05069 "| 0 bends more ra- 
| pidly to the tem- 
| | | perature-axis. 


In connection with the general rules, given in $ 7 of the foregoing 
communication, we can make the following remarks with respect 
to the data given above. 

Although in these cases also, the GE of yz, at the same tempe- 
rature ¢ appears gradually to decrease with increasing atomic weights 
of the alcali-metals, whose corresponding salts are investigated, we 
see that in the series of the nitrates, the lithiumsalt represents an 
exception to this rule, because its g-t-curve lies under that of the 
sodiumnitrate. It is of interest, that just in this series of the aleali- 
nitrates also other deviations of the normal arrangement are found: 
so with respect to the solubilities and the meltingpoints. About the 
relative or absolute values of the temperature-coefticient 6, nothing 
of general application can be put to the fore: evidently no simple 
relations will be found here, where the structure of the salts is already 
more complicated than in the ease of the halogenides of the alcali-metals. 


Lab. for Inorg. and Physical 


Groningen, August 1914. : a 8 
7 Chemistry of the University. 
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Chemistry. — “A crystallized compound of isoprene with sulphur 
dioxide’. By Mr. G. pr Bruin. (Communicated by Prof. P. van 
ROMBURGH). 


(Communicated in the meeting of June 27, 1914). 


As is known from the patent literature *) unsaturated hydrocarbons 
with conjugated double bonds combine in different circumstances 
with sulphurous acid. Thus, crude isoprene on shaking with an 
aqueous solution of that acid yields a compound separating in the 
form of white flakes. 

When I mixed isoprene, prepared according to Harrigs’s method *) 
(from carvene) and which had been purified by fractionation, the 
fraction from 34° to 38° being collected separately, with an equal 
volume of liquefied sulphur dioxide and left this mixture in a sealed 
tube at the temperature of the room, I obtained after one or two 
days a considerable quantity of a crystallized product. As a rule the 
mixture soon turns brown, but sometimes it remains colourless. 

Beside the crystals is always formed a viscous, white mass which 
on drying gets hard and brittle. In some experiments no erystals 
were deposited, but on pouring the contents of thése tubes into a 
small flask it instantly solidified owing to the formation of a large 
number of crystals. 

The crystalline product may be readily recrystallized from ether. 
By repeating this operation a few times a pure, white product is 
obtained melting without decomposition at 62°.5. Presence of moisture 
is not necessary for the formation of the crystals, anyhow exactly 
the same result was obtained with tubes filled with sulphur dioxide 
dried over sulphuric acid, and dry isoprene. 

The analysis gave the following results: 

0.2016 grm. of the substance (burnt in a close tube with lead 

chromate) gave: 0.3384 grm. CO, and 0.1107 grm. H,O 

0.1612 grm. of the substance gave 0.2814 germ. Bas0, 

ANT Pee jj ) ONE 5 

Pound: 45.77 °/;C.6,10/, H. I. 23.97 °/) 5.1L 22:30." f 8: 

Theory for C,H,SO,: 45.46 °/, C. 6.06 °/, H. 24.29 °/, 5. 

Determination of the molecular weight by means of the lowering 
of the freezing point in benzene: 05491 grm. of substance in 
23.806 grms. of benzene gave a lowering of 0°.835. Molecular 
weight found: 138. 


1) D. Par. B. 59862, kl. 120, Gr. 2, 18 Aug. 1910. 
2) Ann. 383, 228 (1911). 
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Calculated for C,H,SO, : 132. 

Hence, the crystallized compound is formed from one mol. of 
isoprene and one mol. of SO, 

The substance is soluble in water. The aqueous solution has a 
neutral reaction. 

If a solution of the compound in carbon tetrachloride or ether is 
shaken with a solution of bromine in the same solvent, the colour 
of the bromine is not discharged; bromine water, however, is 
gradualiy decolourised. With dilute alkaline potassium permanganate 
a reduction sets in at once. 

As to the structure of this compound I do not as yet venture 
to pronounce an opinion. In connexion with Turiere’s theory the 
occurrence of a compound of the formula CH, — C[CH,] = CH— CH, 


Ere ache ASO ee eN 
would not be improbable. 
Utrecht. Org. Chem. Lab. University. 
Geophysics. — “The treatment of frequencies of directed quantities”. 


By Dr. J. P. vAN DER STOK. 
(Communicated in the meeting of June 27, 1914). 


1. The frequency-curves of barometric heights, atmospheric 
temperatures and other meteorological quantities assume different and 
peculiar forms, which can be considered as climatological charac- 
teristics and, as the number of available data increases, it is desirable 
to subject these curves to such a treatment that these characteristic 
peculiarities are represented by climatological constants. 

If we choose for this purpose the development in series-form, the 
first question is, what treatment is to be chosen for each special 
case, in conformity with the distinctive features of the quantities 
under consideration and the limits between which they are com- 
prised. The purpose of this investigation is to inquire, what form 
is to be chosen for frequencies of wind-velocities independent of 
direction, and of direction without regard to velocity. Furthermore, 
to state in how far the observed series of quantities may be regarded 
as normal- or standard-values, and the problem may be stated also 
in this way: what is the best form for frequencies of directed 
quantities assuming the form of linear quantities, and further, how 
to integrate the expression 
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hk 
SS g-f(R.O RdRd9 
JE . 


JR.0) =h? [R sin (O—B) — a}? + h? [R eos (O—8) — | 


Le. the standard-value of directed quantities, on the one hand with 
respect to @ between the limits 2x and zero, on the other hand 
with respect to & between the limits oo and zero. 

Both problems were treated in previous communications ')?), but 
it may appear from the following that now a more principal, and 
therefore more complete, solution can be obtained than seemed 
possible a few years hence. 


2. If we wish to develop a function of one variable in an 
infinite series of polynomia 
n==cO 
F («) = = A, U» 
n—0 


T — UT 7 — 
Op =a" + aa"! 4 a, ate... an, 


the quantities a can be determined so that — as in the FourtEr- 
series — for the assumed limits, « and 3 


fe a= 0 


for all values of m different from n. 


The constants An are then given by the equation: 


Ay fu da =e (2) Be dz. 


The values of the constants a are determined by the n equations : 


[endo =o, [Unede=0...[Unartde=0 Sere a 


every integral being taken between the assumed limits. 
By partial integration we have: 


1) The treatment of wind-observations. Proc. Sci. Kon. Akad. v. Wet. IX, 
(684—699). 
2) On the Analysis of Frequency curves according to a general method. Proc, 


Sci. K. Akad. Wet. X, (799-817). 


x x 
fo. ede=ep Pp, P‚= Pp, de 
0 0 
Z x 
fv. 2 de=a pep. + Ps =|, da, etc. 
0 0 


By (2) it follows from these equations that the imposed conditions 
are fulfilled when, in the development 


fe. an de = a" p,—n at p‚……. (1E nln—l). . Zp, (—1)*n! pna (3) 
0 


p„ be given such a value that this function, as also its (n—1) first 
differential-quotients, become zero for «= B and «= « and that then 


dp, 
== 5 and En de (Sl)enl lande. & ee 
Jaen 
8 B 


This simple method of determining the terms of the required series 
was indicated in 1833 by Murrny as a new method of coming to 
zonal harmonies ; in THomson and Tart’s “Natural Philosophy” it is 
mentioned in article 782. 

The method, however, is by no means restricted to the calculation 
of zonal harmonies but can easily be generalized and applied to other 
circumstances than those mentioned above. 

Instead of a complete polynomium we can also consider separately 
even and uneven polynomia; polynomia multiplied by an exponential 
factor as e—” or e—* may be used, and instead of da we can take 
«de (plane) or «°de (space) as the element of integration, whereas 
for w also quantities of another kind, e.g. sin a, may be substituted. 


3. If the limits are +1 and —4, it is rational to put: 


qn 
dan 


Pr = C(a* = Le U0. (z° — In 


C being an arbitrary constant. 
Putting 


ni 


~~ ny! 


U,, becomes 


U» — UL — kamen an—? + de dm met an gibi ss meten (5) 
2(2n —1) 2 4,(2n—1)(2n—3) 


the well known form (but for a constant factor) of the zonal har- 
monie funetion and, et to (4): 


nin! Qn+](n!)4 
ds (2? == Lyd UE 
fo wt fe (2m + 1)/(2n)! 


—1 


1 ay 
Putting C= an we find, if by P, the commonly used form of 
rn! 


zonal harmonies is denoted, 
(2n)! 
En — 


ay 2n.nln! 


from which 


Poe = 
ji nee 


If the limits are + oo and — » it is rational to choose for g, : 


dn 
oe = oe Ei ERE OT dan ew. 
Putting 
ae] \n 
ee 


U, assumes the form: 


En As n(n — 1) scr n(n—I1)(n—2)(9 n— hs 
C= Pe ae UN 22.1) wv + 24 9% 
n—l Fi 
— dj 2 MSS v (mn uneven) 
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and, by (4): 
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The series (6), proposed by Bruns ') and CHARLIER *), is in mathe- 
matics known as Huermirr’s function and might, if applied to 
analysis of frequencies, be called the g, function, as proposed by Bruns. 

It is the most appropriate form for quantities as atmospheric and 
watertemperatures, barometric heights ete, moving between un- 
certain limits, and also for wind-observations if generalized for 
application to functions of two variables. 

In either of the cases considered above the terms of even and 
uneven power are separated automatically because 


ae TE 
| gen+i dar — 0 and for et dx —0. 
=H —o 


If, however, the limits are 1 and O or oo and O0, then such a 
separation does not take place and we must either maintain the 
complete polynomium or consider both cases separately. 


4. Considering the even polynomia separately for the limits 1 
and 0, every polynomium U2, contains only » constants and the 
development (5) takes the form: 


Mb 


» 
| Uo, yen da == men fy == In wen —2 Pf, 4- DE n (n—1) gnd Ps as (7) 
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where 
cc x zx 
fig [ vn Oben ie =|» ede... Pn+l =f vr ada 
“0 0 0 
Ee = 
| Uta, da == (— IA. nt fos xda. 
0 v 
Putting 
1 ere 
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!) Wahrscheinlichkeitsrechnung und Kollektivmasslehre. 1906. 
2) Researches ints the theory of Probability. (Comm. from the Astron. Observ. 
Lund.). 1906, 
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we find 
Ok al oe LE 2) 
whereas for g,, as the simplest expression, we must take: 
Pn = Ca?n-l (a? — 1)". 
Assigning to C the value: 
1 
(4n—1)(4nr—23) . . . (2n +1) 
the zonal harmonie function, as given in (5), is again found also for 
the limits 1 and 0. 
In the case of uneven polynomia 
DO At aint (21 IES 


which for 
1 


C= = 
(An +1) (4n—1). . . (2n-+3) 
again leads to the expression (5). 


me 1 
Giving C the value erent me obtain from (8) as well as from (9 
PALE 


the zonal harmonie function in the form as commonly used. 

No more as for the limits 1 and 0, the development (7) for the 
limits oo and O leads to new expressions; we have to put 

fn == G gen+i1 Ba 
for even as well as for uneven functions, and by the formulae 
(—1)" 

~~ (2n+1)2" 
1 

In 
we find the same expression as in $ 3 for p„ of formula (6), but by 
an abridged calculation. 


2n 


et = (A Ns 2)” gn F 
Ak (10) 


Uon+1 — et (A — 2)" gen+i1 


5. The problem, which form of development is the fittest for 
frequencies of a quantity which assumes the form of a function of 
one variable, moving between the limits 1 and O or oo and 0, but, 
as a matter of fact, must be considered as a function of two vari- 
ables, is not solved satisfactorily in § 5, at least if we are not satisfied 
by a merely formal representation. 

A graphical representation of such a function is given by the 
distribution of points in a plane about a given origin, the element 
of integration is then, not dz, but 27RdR and the question must 
be put as follows: to find a polynomium such that 
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di UFR Dr hai ==” 


for all values of m different from 7. 
The development by partial integration then becomes: 


| Uo, Rent de = Rn p‚—2n Ren? p‚ + 2?n (n—1) R24 g, 


(LI) 
(—ly1 22-1 n (n—l)... 2B? (—17 2" . n! pr 
where 
gy, — | U2akdk, p, = ‚RdR etc. 
and 
ik Uto,RdR = (—1)rn! [otan. 
If the limits are 1 and O, then we have to put: 
Pn = CR (R’?—1)n 
so that 
Uan — CA” Rn (R?—1)". 
1 
Putting C= > we find for the polynomium: 
2n)! (2n—1)/ 2n—2 
Von ante n). Ren — ce 4: Bes Ran 2 =- nC, Coa RR2n—4 -.. ete. (12) 
n! (a—D! (n—2)/ 


where “C, denotes the p'k binomium-coefficient of the n'" power, 


further: 
1 1 1 


| U?s, RAR = 2” (2n)! | Gn RAR=(2n) J RE RH (R2—1)'dR= 


0 u 0 


1 nln! 


2 in 


This new function may be considered as a zonal harmonic general- 
ized for the case of directed quantities and might be applied e.g. 
to the distribution of hits on a target. 

The analogy of (12) with the zonal harmonic function becomes 


2n—1)! 
conspicuous if the latter (5), by multiplication by a - 08 
MU 
given the form: 
„eri, CG Am, C, Oni a 
] geen né a — ete. 
(nl) 2 (n—2)! 2 ae ay Va 


The pee a 2) satisfies the differential equation: 


R(—R? 


dU», 
BI) og + An(n 1) RUm =0. 
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For uneven polynomia p„ has to be given the same value as (9) 
and then again the common zonal harmonie would result. As, 
however, the quantities under consideration are essentially positive, 
uneven functions can be left out of consideration. 

If the limits are oo and O, then the same reasoning holds; it is 
then rational to put: 

Gn = CRA EE 
Uan = C A” R2" ek? El ay (A—2)" Ren, 


Putting 
(—1y 
C= Qn 
the polynomium assumes the form: 
! on 3 Pan? n*(n—1)* 2 4 ‘ 
Un = Rr — n° Rt + ET Rent — ,..(—l1)"n! . (13a) 
and 
De Go 
nin! 
U7 on RdR — Qn . n! Pn RdR == one 
0 0 3 
In analogy with (12) the polynomium, by putting 
le 
Cn 
2n! 
may be written also: 
R?n R2n—2 R2on-4 
GEen ene em ee (LSE 
2n 5 Gat ee Gan 1) (135) 


This new function (13) seems to be the proper form of development 
in the case of directed quantities as wind-velocities, disregarding 
direction; it satisfies the diff. equations: 


OU sn dU'oy 
dk? ae (RL) dR ae 4n RU'2n = 0 
d* Uon 5 dU 2, 4 
IR? + (28 EE + 4 (n +1) RUan =0. 


In applying this development, a simplification may be obtained 
by a change of scale-value: writing MR for Rk and putting 
genen 
iW 
the second term with the coefficient A, will disappear as 
U', = (R?—1). 
Here MM? denotes the moment of the second order of the given 
frequency-series, 
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6. In the same manner as in §5 in the case of a directed quantity 
in a plane, the development appropriate for quantities in space may 
be found, e.g. for distances of stars, disregarding direction. 

The element of integration is then 4%7#?dR, and the development 
(11) holds good if in the left member AH is written instead of 
R2 and, at the same time for ¢, 


PP, = Uan R?dR 
0 
so that 
( 
Uan = R An pj and pn = CRH ch. 
Putting 
==|,)\n 
pas 
In 
U'2n becomes: 
n ze £ 2n 4-1) (2n—1 
Un =e a= FOC, — B24 G, oe ) en 
14 
(2n-+-1)/ (14) 
.(— u aaa ra 
and 


| Uton RAR = (—1)". 2". nl fir RdR = (—1)" 2"-1 n/n! 
0 0 

In applying this development a simplification may be obtained by 
writing HR for Fk and putting : 


then A, = 0, because 


7. Although we may expect a priori that the Fourirr-series is 
the most appropriate form of development for frequencies of directions 
(disregarding velocity), it seems desirable in connection with the 
foregoing to show that, following the same method, we, in fact, 
come to this result. 

If 

U = sin? @ + asin ree de Ga 
then we may distinguish four different types of functions, namely : 
fl Fo anas P= Us en Ane 


2 
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For F, the development holds good: 


T sin?n — nen a — 2 sinen? 
fe sin?” ada = p‚ sin2” a — an xy, sin*"—* a 4 


(lr. Bnn — 1)...2.q,(— 1)" 2" nl Prt 
where 


. . 
Tij | Uda D, =| p‚snaecosada etc. 
a e 


Therefore, putting 


j d 
1 Sas 2 
sin a cos a da 
Anni 
Pn = C sin2?—1 @ cos**—-1a and C=— 
(2n)! 


bel df 
we find for the limits a and 0: 


arn! 
dis sin a cos a A” Gp, = cos 2na. 
(2x)! 
In the same manner: 
f LY (a ats , 
Fn —— Ard sin2"—1 @ cos®"—1 @ = sin Ane 
(2n—1)! 
2” .n! 
F,, = —— sin a A” sin?" 4 a cos?" +1 a = cos (2n + 1) at 
(2)! 
ann! 
ee cos a A® sin®'+1 a cos?" Ha = sin (Qn + lea. 


STZ) 


8. The solution of the second problem, as formulated in $1, can 
be simplified by putting 4 — B =g in form. (1), ie. by counting 
the angular values not, as usual, from the North-direction, but from 
NBE; this has, of course, no influence on the sums of the velocities. 

It is, however, unfeasible to apply a similar correction for the 
components a and 6 of the resulting wind, and the problem to be 
solved comes to the development in series-form of the expression : 


hh’ R cos 0 =« 
CD IN J 


” Ban 6 Sa 

It appears from the first of the communications cited in $ 1 that, 
in following the usual method of developing, difficulties are ex- 
perienced which practically are unsurmountable. In the second com- 
munication however, it wes shown that the development (6) may 
be extended to the ease of two variables w and y, and that such a 
function ean be developed in a series of polynomia of the form: 

39 
Proceedings Royal Acad. Amsterdam. Vol. XVIL. 
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F(a,y)=e— | Avo U, HA10U1HAo1 VitA2.0 U2+A11U; Vi+Ao.2 Vo+et. ](15) 
where V represents the same function of (7) as U of («) in form. (6). 
The coefficients A are then determined by the expression : 


AE ff F'(a,y) Un Vn ded = € Sam 


mn 2 


: nim! = 16 
é SS ag et ee ree ee 


Substituting again for wv and y, RsimO and Rcos 6, then, by 
integration with respect to 4, all uneven polynomia vanish and, 


because 
2a 
sin?" a (2n)! 
da = AN] 
gee 92n nin! 
0 
we find 
Qn 
: 25 2n) | (2m)! HRY) 
Von, Vom de = de 2 ( vi) va sel LE): En, 
22(n+m) nlm! (mn)! 
(17) 


— min) 


ne (HR)2@r+"—2) 
mil, ———— — ete. 
* (m+n—1)! (m+n—2)! 
i.e. the same expression as 13°, found in a different way. 

As to the determination of the A coefficients, it is expedient to 
consider first the case that a and 6 are equal to zero. 

It is then easily found that 
2n 2n) ! 
_ Qn)! _ Gl, 


QC 2 Se n 
cae — Onn ae ee /s) Onn! 
and similarly for the V iota 
oe aes a Te (2m)! 2 
SD —= peas H Hij = om om. ml! Q 
1 1 
Le? > M's = : 
2h? Dh 


The arbitrary constant H now can be given such a value that 
P or Q=0; putting P=0O, then H=A, and in the development 
only the V functions remain. 

If a and bh are different from zero, then it appears that (for P=0) 

S= Q+ kb 
7\ S,=3 Q@ 4+ 6 h°b2Q + hid! 
| S,—=15 Q° + 45 h°b°Q? + 15 h°bQ + h°b° 
or, generally : 
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, 5 ae (2m)! ed heb Qn—-1 
San . 2m — h2n qn ml a m J- 4 ——_———. +. 
afd 
4 me hiht Qm>2 h2m 2m a ( 8) 
Ge Fe KE 


Although, therefore, in this ease the U functions do not altogether 
vanish, still the form remains the same as in (132) and (13%) because, 
as appears from (17), the polynomium has the same value for all 
terms where 7 + m has the same value so that e.g. the terms with 

A40 Ayo and Ao4 
can be taken together. 

In order to investigate in how far a given collection of wind- 
observations may be considered as a collection of two independent 
quantities depending on chance, we have, therefore, in the first place 
to calculate the constants a, 4, 8, hand h’ from the set of observations. 

In the second place the development (135) has to be applied to 
the frequency-series of the wind-velocities, thereby taking for H 
either A or h’ so that the term U, remains. 

A comparison between the A constants calculated in this way 
with those determined according to (18) then gives an answer to 
the question. 


9. By writing in (15) hAsin@ and hRcos@ for x and y, multi- 
plying by dR and integrating with respect to R between the 
limits oo and zero, we obtain a development representing the fre- 
quencies of the directions independent of velocity. 

The even terms Us, and Von, or the product Vo, U2, then give 
rise to a series of terms of the type /’, ($7) all of which have the 
factor cos 2na in common. 

The even terms Uor41 Vo,41, produced by the product of two 
uneven terms have sina cosa as a common factor and give rise to 
terms with sin 2na, according to the functions /’, in § 7. 

The uneven terms, analogous to /’, and /’,, assume a simpler form, 
namely : 

Uonti = Ksmacos**a and Vor = K cos a sin?” a 
and therefore give rise to terms with sin (2n-++-1) « and cos (2n+1) a, 
whereas all non-periodic terms vanish, except in the first term 
with A,. 

A comparison with the Fourier-series thus produced and calculated 
on the base of the five wind-constants with the FourIeR-series as 
directly deduced from the observations of direction-frequencies, then 


again gives an answer to the question. 
39* 
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Physics. — “Some remarks on the values of the critical quantities 
in case ef association.” By Dr. J. J. van Laar. (Communi- 
cated by Prof. H. A. Lorentz). 


(Communicated in the meeting of May 30, 1914). 


1. Though this subject was treated already very fully by me ina 
paper in the Arch. Teyrer*) in 1908; and use was made afterwards 
(in 1909) of the contents of this paper in my Treatises on the Solid 
State?) — I wish to make a few remarks induced by a paper by 
Prof. van per Waats in These Proceedings of April 1914 (p. 1076 et seq.) 
which may contribute to the removal of the pretty large difference 
found by him (p. 1081) for the volume value of CH, for methyl- 
alcohol (2,12) and for ethylaleohol (2,76). 

Van peR Waars makes namely use of values of vj, RT; and pz, 
of which he states (on p. 1078) that they would be exact by approxi- 
mation. But it has appeared from the investigation made by me in 
1908 that the “linear” dependence of the quantities R7), and s of 
the association factor 2: (1 + 8) cannot be assumed even by approxi- 
mation. 

Not only does this hold when (as v. p. W. assumes) the volume 
of the molecules does not undergo any change on association ; when 
in other words A} = — '/, b, + 6, = 0 — but the deviation in question 
presents itself to a much greater degree, when A/ is not = 0, as is 
certainly the case for water*) and the alcohols. 

In the cited Tryrer article I started from the equation 


AB RT a 


p= ; 
2 gb v? 


merten eos en 


in which @ represents the degree of dissociation of the double mole- 
cules, so that to the original '/, double molecule are found */, (14 — 3 
double molecules and */,. 23 == single molecules, together */, (4 + 9) 
molecules. 


1) Arch. Teyier (2) T. XI, Troisième partie (1908): Théorie générale de l’asso- 
ciation de molécules semblables et de la combinaison de molécules différentes. 
(p. 1—96). 

* 2) These Proc. of April 22, June 25, Aug. 31 1909; Nov. 24, 1910; Jan. 26 
and June 23, 1911; resp. p. 765, 26, 120, 138, 454, 656 and 84. (See especially 
the third paper, p. 127—130). 

3) Already in 1899 I think I showed that the phenomenon of maximum 
density at 4° C. can be explained in a very simple way by the assumption of a 
negative value of ab, so that a double molecule would have a larger volume 
than two single molecules. [Zeitschr. f. physik. Ch. 31 (Jubelband für van ’t Horr)]. 
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The quantity « appeared to have been left unchanged by the 
association, viz. =a, — the value for the case that all the molecules 
are single — everything referring to a single *) molecular quantity 
(e.g. 18 Gr. of H,O, 46 Gr. of C,H,O, etc). For we have evidently 
(the index 2 now refers, in distinction with my Tryrer article to 
the double molecules, the index 1 to the single molecules) : 


1—p\? RO EE 28)? 
a= ( 2 Jatex =. 2a.4(F a; 


in which a,, = 2a, and a, = 4a,, so that we get: 
a= (I —§)' a4,+ 2(1 — §) Ba, Papa, 


Further : 


b, — b, = (1 as PME aa b, si b,) = b, ate Saar B) Ab 


or nn A mt + b) =*/, 6, + 8 Ab. 

The equation of state used by van peR Waars (p. 1078) is identical 
with ours, as VAN DER Waars starts from 1 —.z single molecules 
and « double molecules, together 1 mol., while we started from 8 
single molecules and (1— 8): 2 double molecules, together '/, (1 + 8) 
molecules. Accordingly we left the quantity of substance (viz. a 
single molecular quantity, eg. 18 gr. of water ete.) constant, and 
varied the number of molecules on association from 1 to */, + 8)— 
and vaN DER Waars left the number of molecules constant = 1, 
while he increased quantity of the substance from 1 to 1+ 2. 

If this is borne in mind, vaN per Waars’s v: (1 + x) now passes 
into v' (now just as with us referring to a single molecular quantity 
of substance), and we get: 

BT (1E) at 

au ey, py?” 
in which therefore 1:(1-+2) is identical with our (1 + 8): 2, v’ 
with our v, VAN DER WAALS putting Ab—0, and therefore identi- 


fying b with 6,. 


2. As 2, the degree of dissociation of the double molecules, is a 
funetion of v, the dependence of the quantity @ on v will have to 
be taken into account in order to find the values of the critical 

1) In the cited Tryter article [ made everything refer to a double molecular 
quantity, but I think it more practical to continue to make the different quantities 
refer to a single molecular quantity. Hence all the quantities have now been divided 
by 2, resp. 4. 
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2 
quantities in the determination of Po and SP Zo The calcula- 
tions relating to this are pretty laborious, and were carried out in 
a separate chapter ($ 5 p. 25—384) in the cited Terrer article (cf. 
also the above cited paper in These Proc. of Aug. 31, 1909, p. 127— 130). 
We refer to this article, and give here only the results of the calcula- 
tions — again making everything have reference to a single mole- 
cular quantity. 

For vz was found: 
m? 


Dr UE Peet ee ee ek 8 ae SL 


3m?—2n ’ 
in which 
ml +4 '/,8(1—8) (1+)? 
m= 1 + */,8(1—8)(1+9) + VB (1—8) (LE) (LH)? 


while 


(3) 


Ab 
Pal By cn eC ate et rs 


(p. 26 and 29 Joe. sert). 

When Ab=0O and so also gy =O, as VAN DER WAALS assumes, 
even then remains: 
m= 1 + */,8(1—s) =(1+-4)(1—7/,8) 
ml BAP) NLS je 
hrough which for vz, with 


dm? —2n = (1+8)’ (L—*/,8), 


(1—"/,8)° ae 
alae 

In this the factor 3 must of course be replaced by a smaller one 
(e.g. 2,1), when b is a function of v, and varies between 0, and 6,, 
when v varies from oo to v,. 

With regard to the factor of 3b; — which according to VAN DER 
Waats (referring namely to a single molecular quantity and not to 
a 1 + times larger quantity) would remain constant = 1 (at least 
by approximation) — we see immediately that this factor can differ 
pretty considerably from unity. For 6 =O (only double molecules) 
and 3=1 (only single molecules) the factor is properly —1, but 


a) 


for B= °*/, it has the minimum value */,. And this deviation, which al- 


{AE 


is found: 


ID 


ready amounts to 11 °/,, is still more pronounced when Ad is not =0, 
but has e.g. a negative value. 

For kT; we have found (p. 31 loc. cit), again referring to a 
single molecular quantity : 
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Oe n*(3m*— 2n) 
© to) S . . . . (5) 
276, 148 ms 


which with A5==0 passes into 


ryy. 


RT. 


8 EE TOE en Ee 
nm = 8 2 AHO EAD 5 
276, 1+8 (1—"/,8) 
8 
If 8=1 (single molecules), then AZ; duly becomes = oo 
but for #0 (double molecules) RZ, becomes = 2 X ee 


But it is again immediately seen that 7%, certainly does not linearly 
change with 2:(1-++8), ie. with vaN per Waats’s 1 +, as the latter 
assumes on p. 1078 of his treatise. 

For the remaining factor is indeed again =—=1 for B=O and 
Bt, but it is 9456: 3125 — 1,106 for 8 =7/,;- = 1445: 129655 
LOP fs And = 1125 :-1024 =d, 009 for AT ee 
deviation can therefore again amount to 9°/,, in comparison with 
11°/, for vz, but in opposite direction. This deviation too is more 
pronounced, when A45 differs from 0. 

With regard to the value of pz, at last, we find: 

ia (38m? —2n)? (4n—3m) 
manos = eee LT 


passing into 
_la (LDR HB) 
~ 37 62 (I—"/,8)° “ 


Pk 


when AG = 0; For 
4n—3m = (1+8) (1-+-8—36?+"/,6"). 


if 
The factor of ais duly has the value 1 both for B=O and 
1 


B but becomes — 4617 : 3125 — 1,477 for p=") ara, 

243 1043 for f=—-*/,; and — 189-128 BATE for a 
Accordingly the deviation from unity is very considerable — for 

B='/, more than 54°/. Hence there is no longer any question of 


an approximate equality to as VAN DER WAALS supposes he 


t ia 
27 5,” 
may assume. (p. 1078 l.c.). And this amount can still increase for 
Ab: not —0: 


1) If it is taken into account that aj = !/, dz, Dj =1/, Da, RT becomes as it 


always did = in which a, and b, now refer to a double molecular quantity. 


8 a, 
270 
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It is therefore self-evident that when the quantities s= RT: pvr 
and 7r:p; are calculated, which occur in vAN DER WAALS’s consi- 
derations, no linear dependence on 2:(1-++8), resp. 1 + is to be 
expected there either. 


3. Now 
= Da 8 2 Se n° : 
SN PUR ae 148 m? (4n—3m) a er i 
is found for the quantity s, passing (with Ad = 0) into 
82 1+ )1—?* en 
Aes ge ALB DE ADA (7a) 


Ve ee Se ae aie) 

For §.==1 (all simple molecules) s becomes —='s, =*/, (0r=—3,77; 
when & varies with v), and for 80 (all double molecules) s becomes 
—*/, <2, hence twice the value. But here too we remain very 
far from linear dependence. 

For 8="/, we find namely for the last factor in (7a) the value 
384.475 — 0,808: for B='/, the value 280: 360 = 0,808; and 
for B—?/, the value 375 : 448 = 0,837. Hence a difference of about 
DO dor B= 

On account of the importance of the accurate knowledge of the 
value of the quantity s for associating substances, I have calculated 
the following table. 


2 S 


B Fe = I+ Factor 3 << Tactor = = 
OTe 2 1 2 

0.1 1.818 0.903 1.642 

0.2 1.667 0.847 1.412 

0.3 1.538 0.815 1,253 

0.35 1.481 0.805 1.192 

0.4 1.429 | 0.801 1.145 

0.5 15333 | 0.803 1.071 

0.6 1.250 | 0.820 | 1.025 

0.7 bes76 0.849 0.998 

0.8 UN! 0.890 0.989 (min) 

9 1.053 0.945 0.995 

1 1 1 1 
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Instead of a regular linear decrease with 2:(4)+ 8), ie. with 
1 + x, values are even seen to appear <1 in the neighbourhood 
of 8=1 (all the molecules single), with a minimum at about B= 0,8 
(accurately at @—0,8015), and a horizontal final direction, Le. 


dfs 
as.) =° 


On increasing association (3 from 1 to 0), s will therefore first 
become somewhat smaller than s, (= 3,77 for “ordinary” substances), 
and then (from 6 = 0,7) s:s, will become greater than 1, and increase 
to 2 for 8=0, when the association to double molecules is perfect. 

A straight line for s:s, (as VAN DER Waats thinks) therefore 
replaced by a line that is pretty considerably curved downward 
between the values 2 and 1 with a minimum close to 1, so that 
$:8, at first decreases there instead of increasing. 

What consequences this behaviour will have with respect to the 
degree of assvciation 8, calculated from the value found for s for 
methylalcohol, viz. 4,52, may appear from what follows. 

As Sa sea oe o,(( — 1,2,: we should. find abou — Gar sor 
a=0,2 for 8, according to the second column of the above table, 


when we were led by a supposed linear dependence. But when we 
also take account of the “factor” by the side of 2:(1+8), we find 
. about g= 0,95 or #=0,5 from the last column for the value for 


B answering to the ratio s:s,— 1,2. 

A difference, in fact, too large to be neglected. Instead of 0,8 
single molecules to 0,2 double molecules, as VAN DER WAALS would 
find with his linear dependence, we find more accurately 0,5 single 
molecules to 0,5 double ones. The relation «:(1—w) has become 
1 instead of 4. 


4. The second quantity which plays a part in the cited paper by 
VAN DER Waats, is the quantity 7%: pz, which may be put propor- 
tional to the molecule size for non-associating substances. We now 
find for it: 


Ty Ae 8 2 he (1 B) (1 Sake t */ 38°)” 


== b,x x = | Led Gie 8 
be Easy (L—*/,8) FE see ae) Ee 
which with Ad ==0 passes into 
RS Dh n° | 
a & (8) 


Dida ee 1-8 fi (3m?—2n) (4n—3m) 


We shall not discuss the course of this again, but solve from this 
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8 
the required value of RF By means of (7) and (8) we find easily : 


8 Dives 3m?—2n 
b= b= (<=) x a i ae (9) 


m 


or when A5 =0: 


ee ee : 
weze) “a Ge orgie 


When therefore the value of 8 has been found from (7) and (7a), 
it can be substituted in (9) or (9a), and 8/p 6, is known. 

According to vaN DER Waars, (6) would be = 6,52: 1,2 = 5,43 
for methylaleohol, whereas (for 4&6=0) the more accurate value 
with B= 0,35 (see above) would amount to 5,43 « 1,084 = 5,89. 

This value is still larger than that found by van DER Waars, and 
would yield 7,55 — 5,89 = 1,66 for CH,, instead of 2,12. And when 
Ab=O0 is assumed, the accurate value of (6) will be larger than 
the approximate one for every value of 8, because 1 — */,is always 

It is, however, easy to see that when not (7a) and (9a) are used 
for the calculation resp. of 8 and (6), a value <1, e.g. 0,88 can 
very well be found for the factor (8m? — 2n) : m* in (9), through 
which 5,43 would diminish to 4,78, so that 7,55 — 4,78 = 2,77 
would be found for CH,, in good harmony with the value found 
for ethylaleohol. 

Now (38m? — 2n):m? becomes < 1, when 


gece OF <n. 
I.e. with a view to (9) 
[1+ UBBO PTS 4,80 H+ DH 
+ '/, 8 (L—8) (1—38") (1 + 9) 


must be, 1. e. 
ALB) CL peo al pial 
<P? + (Pls Oe 
or 
(1+ @) = eh ) ee ie a ee ee 
or also 
6—8(1+9)+0— 3A) (14+ 9) — PL — H+ pj >0. 
If 8 were =O, then p would have to be < 3—/Y/y 10, ie. 
< — 0,162. If @ were —'/,, then p ought to be < about — 0,25. 
And if 3 were =1, then p would have to be << —3+ W7, Le. 
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< — 0,354. As now according to (4) p= (1 + B) Ad: (v— b), we 
have also : 
Ab b 


Oi enk 


For 7, with v= 26, the value ~:(1 + 8) follows from this for 
46:6. For 8 resp. =0, '/,, and 1 we, find therefore resp. the 
values < — 0,16, <— 0,167 and < — 0,177 from this. When 
accordingly Ab:b becomes smaller than about —1?/,, the value of 
the factor (Bm? — 2n):m can become < 1. For a value 0,88 (see 
above) it will therefore be necessary that — — 46:6 b be about 0, AUP ae 


a value which in view of the value for H, 1,0 ( (which has been found 
of the same order of magnitude) is not at all impossible for methyl- 
alcohol either. 

At any rate it is seen from the above, that for associating sub- 
stances (6) cannot be put simply proportional to (7%: px): (5: s,), but 
that the factor (8m? — 2n):m? must be taken into account. Nor may 
for the calculation of 8 from s:s, simply 2:(1+ 8)=1-+<2 be 
written for the latter ratio; another factor »° : m° (An — 3m) must 
be added to it, which factor amounts to about 0,8 (see the above 
table) in the case AD=O between g=0,3 and 6=—0,5 or 0,6, which 
differs too much from 1 to be neglected. 

The error made by vaN Der Waats is according to $ 2 owing to 
this, that be believed he could assume values for RT}: (4 +2) and 
pr, Which do not differ (at least differ little) from the corresponding 
values for non-associating substances. 

The calculation (given by me already in the cited Teryrer-article 
in 1908) teaches something entirely different: for pj; (with Ad = 0) 
e.g. the deviation can amount to more than 54°/,. 

The finding of a too large value for (7%: pr): (s:8,), viz. 5,48 
instead of about 4,8 points out, that necessarily for CH,OH the 
quantity Ab:b will have a pretty large negative value, namely 
about — 0,2, If 8 were about '/,, then b would be = (1—8) '/, 6, + 
+ Bb, = '/, b, + */, 6,, and from 

Si Jab db, ee 

Aa Es peal 
would follow 16:13 = 1,23 for the ratio '/, b,:b,, i.e. the double 
molecules would be about 1,23 times as large as two single mole- 
cules — which is by no means impossible. 


5. On this oceasion I will draw attention at the same time that 
in $ 7, p. 40—42 of the cited Teryrer-article also the quantity 
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T dp ee 
ze (5 7, for associating substances has been calculated by me. 
P C k ; 
When the heat of dissociation g of the double molecules may be 
put — 0, we find for f (see formula (28) loc. cit.) : 


f=, Xa 


4An—3m' 
or when Ab =O: 


pg gS Dee ee 

et oo ae ge 
in- which the factor of /, both for @—O and for Bp=1 again 
assumes the value 1. For 8 = '/, the value is, however, 16 : 19 = 0,84, 
which would make the normal value 7 descend to about 5,9. As 
f for methylacohol is found >> 7, namely = about 8,6 (cf. Kuenen, 
Die Zustandsgleichung, p. 142, where the value 3,75 >< 2,30 is given), 
the factor of /, would have to be about J,2 instead of 0,84; i.e. 
Ab not =0, and again negative or also the value of q (see the 
full formula in Treyrer, p. 42) would moreover have to be different 
from O, and that positive. 

Fontunivent sur Clarens, May 1, 1914. 


Physics. — “On apparent thermodynamic discontinuities, in connection 
with the value of the quantity b for infinitely large volume.” By 
Dr. J. J. van LAAR. (Communicated by Prof. H. A. LOREN1z). 


(Communicated in the meeting of June 27, 1914). 


1. One of the principal results of the foregoing series of commu- 
nications *) has been this (ef. particularly II p. 926 and IV p. 464), 
that the quantity b,, i.e. the value of 4 for infinitely large volume 
(hence in the ideal gas state) cannot possibly be = 4m as the classical 
kinetic theory gives for it. With decreasing temperature 6, approaches 
namely more and more to b,. If in the ideal gas state 6, were 
= 4m, b, would have to be = 4m also at very low temperature 
(this kinetie result holds namely independent of the temperature), 
while in the condensed liquid state with cubic arrangement e.g. of 
the molecules, supposed to be spherical, 6, would be about = 2m’, 
in which m’ is either equal to or smaller than m, so that then 5, 
cannot possibly become = d,. 


1) These Proc. of March 26, April 23, May 29 and Sept. 26, 1914 (to be cited 
as 1—IY). 


607 


And vet, everything seems to point to this that actually a// sub- 
stances at sufficiently low temperature approach to the type of the 
mon-atomic substances with exceedingly low critical temperature, at 
which the quantity 5 remains almost unchanged on diminution of 
the volume from oo to v,. Instruetive are in this respect the tables 
in !, p. 819 and III p. 1052, and also Porncark’s and KAMERLINGH 
Onnes’s remarks in the discussion of Nernst’s Report (Conseil Sorvay 
German edition, p. 241 at the bottom to 242), where it was pointed 
out that at very low temperature also the molecular heats of air 
and hydrogen would probably approach to those of monatomic gases. 

The above contradiction is now immediately removed by the 
assumption that in the rarefied gas state 6 is not = 4m, but 
simply =m (the real volume of the molecules, at most enlarged 
by a certain sphere of influence), while also in the condensed liquid 
state 6, is =m’, (m’ Sm) — in such a way fhat the idea- of 
immediate contact at y=v, of the quasi-spherical molecules with 
small, remaining intermolecular spaces without energy must be 
replaced by the more rational view of a compact mass of molecules 
without real interstices, unless they are considered to be the spheres 
of influence belonging to the molecules, just as for the Jarge volumes. 
This limiting state might however also be considered as a fictitious 
state, which may be approached, but which can never be reached 
entirely. But this is a question which may be left out of consider- 
ation here. 

The principal thing is that 6 always remains =m, and that on 
diminution of the volume m, therefore, only changes in consequence 
of the increased pressure under which the molecules are then, the 
less as YJ is nearer 0, till at last both at v=, (p= oo) and at 
7 =O0 the molecules will occupy their smallest volume 6, =m’, 
when the atoms or atomic groups inside the molecule have approached 
each other as closely as possible. 


2. Hence we attribute, as van prr Waars did in his middle 
period, when he drew up the so-called equation of state of the 
molecule, the change of 6 with v entirely to a real change in con- 
sequence of the changed internal pressure *) — with rejection of 

1) For a real diminution of the molecule on diminution of v or lowering of 7 
speaks also the form of the empirical relation b =f (v,7') found by us — see II, 
p. 931—933, and III, p. 1051—1054. How little the later views of vAN DER 
Waats and others — in order to make the original equation of state also applicable 
to the condensed gas state and the liquid state — chiefly by considering b as a 
function of » and 7’ (of whatever nature this variability may be) — have yet come 
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the so-called quasi change, which would be caused by the diminution 
of the old factor 4 to about 2 in consequence of the partial over- 
lapping of the “distance spheres’. We namely assume that the volume 
available for the calculation of the pressure is immediately found by 
subtracting the volume of the molecules m from the total volume », 
always assuming that the kinetic energy of the moving molecules 
and molecule groups, with the permanent gradual interchange of 
the energy during the collisions, is continuously absorbed by the 
surrounding medium (see I p. 809, and IV, p. 464 at the bottom), 
and is finally after subtraction of the internal molecular pressure 
observed as “external pressure’. 

It will be asked what part the so-called association or quasi-asso- 
ciation plays in these considerations. 

Before answering this question I will first state clearly my opinion 
about the difference between association and quasi-association, which 
I hold in eonnection with the following considerations. We may 
briefly express this difference in the following way. 

Real association is quite individual and has a permanent character ; 
it quite depends on the chemical nature of the molecules (whether 
there are e.g. still free valencies or minor valencies present etc.) 
Water, alcohol, acetic acid are associating substances — ether, 
benzene, chlorobenzene etc. are non-associated substances. 

Quasi-association on the other hand in consequence of the action 
of the molecular forces, when two molecules get into each other’s 
neighbourhood, and which gives rise to the formation of temporary 
“molecule aggregations’, is entirely the same for all substances in 
corresponding states, and of transient, albeit. stationary nature. 

This last form of association, which has been particularly studied 
by van per Waars, is competent to explain why with the ordinary 
kinetic view (which, when all the active factors are taken into con- 
sideration, must also lead to the truth) not 6, = 4mis found but less. 
The theory which — evading the separate consideration of the moving 


under the notice of many, may appear again from an article by A. Wout in the 
Z. f. ph. Ch. 8%, p. 1—39. This author thinks he can set everything right by an 
equation of state of the wholly unjustifiable form 
RT a c 

> y—b v(v—b) 
in which a, b, and c are constants. That it is also possible to arrive among others 
at the accurate values of the critical data by putting b variable with v in the 
ordinary equation of state, does not seem to have occurred to him. Also von JüPrneR’s 


many articles convey an impression of his not being at all in touch with the new 
investigations in this department. 
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molecules, of their collisions and their temporary aggregations — 
goes straight to its goal by imagining (see above) all the energy 
absorbed in the surrounding medium, makes it further acceptable 
that 4m would after all have to become simply m. 

But that the theory of the quasi-association can only be of any 
use in the rarefied gas state, in conjunction with the theory of the 
colliding molecules, and that the medium theory can be left aside — 
though there always remain constants undetermined (viz. the associ- 
ation constants), as we shall immediately see; and that this theory 
entirely fails for more condensed states — this is immediately to be seen. 

For if one would apply the quasi-association theory to liquids, the 
number of molecules associated to one molecule would theoretically 
continually increase, so that finally — in the limiting state — the 
whole liquid mass would have to be considered as one single asso- 
ciated giant molecule, for which the equation of state of the substance 
would then lose all its significance, as this is based on the joint 
action of an exceedingly large number of molecules, and not on a 
single molecule. What for larger volume can therefore be taken as 
the equation of state of the whole mass of the substance, would now 
have passed to the equation of state of a single giant molecule. But 
in this the separate molecules can again be taken as wnities (real 
association excluded of course) in consequence of the very slight 
mutual distances (just as for a solid substance), and the equation of 
state resulting from this will have analogous meaning as the original 
one, which holds for the gas state. Only we ‘shall then have to take 
into account the continual change of the number of degrees of freedom. 

The theory of quasi-association, applied to condensed states, would 
therefore lead to great contradictions. While the molecules practi- 
cally behave as single ones, the said theory would lead to an infinite 
complexity in one giant molecule, with abolition of the original equation 
of state. 

While van per Waats, therefore, thought he could chiefly explain 
the deviations of the liquid state with respect to the ideal equation 
of state by the association theory, we see that exactly in this state 
this theory would lead to contradictions. It may only be applied in 
the rarefied gas state, though just there it is not necessary as an 
explanation of the deviations from the equation of state meant by 
VAN DER Waats, which would make their appearance not before 
the liquid state, but which as we saw in the foregoing articles can 
be explained also without the assumption of quasi association. It is 
indeed necessary, however, as we shall see presently, to explain 
that then 42m can become m. 
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That with respect to the 6-values just liquids behave entirely 
according to the ordinary theory with b= f(v,7) — without quasi 
association being taken into account — has appeared in my recent 
calculations with respect to Argon. In IV p. 458 we saw namely 
that the liquid values of 6 behave entirely according to the relation 
b== fw) derived by me (if namely 6, = b,:vr is only raised from 
the value 0,286 obtained by extrapolation to 0,305). That the vapour 
values of } exhibit deviations, and even become impossible, is to be 
ascribed to the way of determination of the vapour volumes at 
lower temperatures 
but by application of the law of Borue, which is not yet quite valid 
then, as I have shown in IV p. 457. 


since it is no longer by direct observation, 


3. Let us now proceed to examine the influence of the quasi 
association in the very rarefied gas state, by which it will be proved 
that the kinetic result 4, = 4m can no longer be maintained. 

Abbreviated derivation. If in first approximation (this is permissible 
for great v) we put the quantity 6 independent of the state of 
(quasi) association (the quantity a is always independent of it), the 
equation of state for great v is: 

plop a) TEE jn ce ore eer: REEN 


when a fraction 2 of one single moleenle associates to double mole- 
cules, so that there will be 1—w single and */, 2 double molecules, 
together 1—'/, x. With very large volume the numbers of triple, 
quadruple ete. molecules can namely be neglected with respect to 
that of the double molecules. 

In this « is given by an equation of the form (see for a justi- 
fication of this and of some other assumptions the Appendix) 


oe (1 - 2)’ CP 
Er ar 3 
Cs tel(l—'/,r) Pp 
as the concentration c, of the single molecules = \1—a’): (l—!/,2), 


and that of the double molecules c, = */,v: (1—’/,2). 

In this it is supposed that also the specifie heat does not undergo 
any change in the quasi association, and that moreover the energy 
change may be put = 0. 

In the ideal gas state we have 7’: p= (v—6): R(A—*/,2), according 
to (1), so that we can also write: 

(eo Fee C 
: = — (v—b), 
jat li 
or also, as « will always be exceedingly slight with large volume, 
and » may be written for v_—b: 
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1 
sin 


Ql as 


[t= (2) 
If we put: 
p(v — b') = RT, 
in which 6’ is the value of 5 which would be found by leaving 
the quasi association out of account — so the real value therefore 
in the usual sense —, then by comparison with (1) follows: 
v— vil = „Ja + 1/, x) =»(1 Se SE ‚) 
1-—'/,x v nh aa v asl 
SO 
v—b =v— 64+ -v.1/, 2, 
thus 
| TES SEAN, Seg ale (3) 


According to (2), however, v.'/,«—= R:C, when v approaches 
to oo and x to 0, so that we finally get; 
en rr MEEL 
in which 6=4m according to the kinetic theory of the perfectly 
elastie collisions of the molecules, supposed to be spherical. And as 
C — the association constant — will always possess a finite value, 
for else there would not be quasi association, we have always: 
bad, 1. @. b< 4m (q.e.d.). 

At the head of our paper we spoke of “apparent” thermodynamic 
discontinuities, and mean by this what follows. 

If there were no quasi associaiion at all, i.e. if the association 
constant C were absolutely = 0, so that there could not exist quasi 
association at any volume, however small — then 6’ =) = 4m. 
But as soon as there exists quasi association (C finite), however 
slight it. may be (according to (2) =O for v=o), immediately 
b (= Am) is diminished by the finite quantity R: C,asv X'/,c=o@X0 
is always finite, so that 5’ becomes < 4m. 

There is therefore discontinuity — for at an association state = 0 
for v=o, 6’ can have the value 4m, and also possess all the values 
< 4m. But this is only apparent, because the diminution of dm 
depends continuously on the value of the dissociation constant C, 
which can vary from O to any finite value. 

Now Cis not known, and this quantity, which depends on the 
entropy constants, could only be determined by statistical-mechanical 
way, when we knew al the circumstances accurately and could 


take them into account, which determine the quasi association, In 
40 


Proceedings Royal Acad. Amsterdam, Vol. XVII. 
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default of this knowledge we can therefore only say that probably 
R 

C will be such that 6’ = 4m coi will become about 6’=m,, in 


which m,, represents the volume of the molecules with their immediate 
sphere of influence (see § 1) — in harmony with the theory of the 
absorption of energy and transmission through the intermolecular 
medium (cf. also § 1). 

If an analogous image is wanted: the old ballistic theory of 
the rectilinear motion of the colliding molecules is in the same 
relation to the modified theory, in which the temporary mutual 
influencing of the molecules is considered which will take place at 
every impact, or (what comes to the same thing) to the medium 
theory — as the consideration of the effect of a ray of light, 
after it has passed through a narrow aperture without taking the 
inflection into account, so that only that part of the space behind 
the aperture would be affected by the light which is in the direction 
of the ray — is in relation to the complete consideration of the light- 
effect with observance of the diffraction, in which therefore the 
whole space behind the aperture is affected by the light, and of 
which it is possible to determine the distribution of the intensity. 


Appendia. Complete derivation’) of (4). 
If a fraction x, of 1 mol. is temporarily joined to double molecules, 
a fraction 2, to triple molecules ete, we have therefore: 
n, =1—«#,—a,-.. single mol. ; ,=‘/, % double mol. ; 
n, == ets triple mols „ete: 
If further generally : 
b =n,b, + 2,6, + 7,0, Hee » 
then 
b= (1 — a, er eek ele Se & 
or 
b= b, — «, (6, — Ys bd — (0, — 73 Os) — - ~- 
In this 6, —'/, 6, =A, 6 represents the change of 6, always when 
a half double molecule dissociates to a single molecule; 6, —*/, 6, = Ab 
the change of 6, when one third triple molecule dissociates to a single 
mol.; ete., so that we can also write: 
b= b, — «, A,b — «, A;b— etc. ern ee 
That « does not change in consequence of the association, is known. 
For three kinds of molecules e.g. holds namely : 


') Already derived by me in 1908, but never published. 
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0 n'a, + n,*a, + n,ta, + 2n,n,a,, + 2n,n,a,, + Anensd,, ; 
i Which de =d di 9d, , die == 2e, Had 30, and a, —6a,, 
so that we get: 
a= n,*a, + An‚'a, + 9n,’a, + 4n,n,a, + 6n,n,a, + 12n,n,4, 
= (n, + 2n, + 3n,)?u, =a,, 
as n, + 2n, + 3n, = (1 — 2,— 2,) + 2, + 2, = 1. 


We may therefore write: 
(o+ Se —H = ore, Me ee ms fll) 
Vv 


in which 6 is given by («), and (see above) 
ee te ey EE |. a Sey 
The following equations hold for the dissociation equilibrium of 
the double, triple etc. molecules resp. (cf. my already frequently 
cited Teyler paper 1908: Theorie générale de Vassociation etc. 
p. 5, and also These Proc. of June 23, 1911 (Solid State VII), for- 
mula (28): 


Oe g ee ae C, Tat SS (p/s B RT 


NEL, p+ as 
(leg)? On BIRT o—(PA4/2)343d: RT ( ’ 
‘Je % + O° af (p+%/2)? 


or taking the equation of state (8) into account: 
iL aE nd 2 
eha hen eet Th PART 0. 28h :(e—2) (vb) 
ee R. 


ee 4% 
(1 he bak ) =S C, Tis PRT 9-8. 3A,b : (vb) (v—b)? 
IJs © : 


e s . e 6 . . ry s . . ry 3 . . 


aes) 


in which C,, C,, ete. are the dissociation constants resp. of the 
double, triple ete. molecules; y,, y,, ete. the changes of the specific 
heat in the dissociation, divided by R, viz. y, = (2k,—4,): R, 
Ya = (Bkk): R, ete.; q,, q ete. the heats of dissociation (energy 
changes) 2 (e‚), — (), 3(¢,), —(e;),, ete.; A,b, A,d, etc. the variations 
of b already introduced above, which must now resp. be multiplied 
by 2, 3, ete, the above equations referring to n- pole molecular 
quantities, and not to a single quantity. 

The first member contains the relations of the molecular concen- 
trations, viz. 
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beras Zar ne oe Ln 
Ge a n,: Zn, 1,80 ge 
ee (REI n° ns ls, 
Cs nt Zn, nd ss 77. 


ete. (for =n, has namely been put 6). 
For the dissociation constants C,, C,, ete. holds: 
| log C, = — y, + An + (log R— 1), 
log C, = —Y%: + Aaya oge 
ete, in which A,y, A,y, ete. represent the variations of the entropy 
constant, divided by ZB, viz. A,yj = (2 (1), —(q,),): 2, Ay= 
== (3 (a) add EEL. 

If we now put all the quantities y and q — 0, which is allowed 
for quasi association (otherwise we only think the terms referrins 
to it included in the dissociation constants, e.g., C, 7” e %/RI — 
= C,’, etc), then for large volumes, where 2,, 2,, etc. will be slight: 


ae C, ee” 6 2Ayd : (v—b) (v —b) 
| Vz A 
1 PN 1 
a e—9.3A3b : (v —6)(y— b)? 


he Be 


or as also A,O: a by, A,b : (v—b), ete. will be very small for large 
v, and v may be written for v — 6: 
if ey ae ; iy gaa ete (€) 
vie ee = al Gute eee 
of which the first equation is identical with (2) of § 3. 

We further see, what we have already immediately put in our 
abbreviated derivation, that really for very large volume z,, z,, ete. 
may be neglected by the side of #,, and that therefore the consider- 
ation of the double molecules suffiees- with- disregard of the numbers 
of triple and multiple molecules. 

If we now again compare the equation (8) with (p/s \v—b)=RT 
(the latter therefore without taking quasi association into account), 
then (see also («) and (y)): 
vb v—b,+4,4,b64+2,4,6 +... 

Onis ay Ea fl yan 
hence with neglect of 2, ete. by the side of «,: 


Oe b A8 
v—b' = Jep sagem —— — 2, =F ist Nap ; 
1 —'/,# v 


2 
2 


hi 


or 
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o—b' = v—b,--#, Ab + v:1/, 

In this the infinitesimal quantity #,A,b (also when A,5 is finite) 

may be neglected by the side of 6, and the also finite quantity 
v.*/,%,, and we get: 


U 


° 
‘ 
2 


! 
Gy ea are, 
identical with (8) of § 3. For v.'/,.2, the value R: C, follows then 
again from (e), and the conclusions are further as in the cited paragraph. 
Fontanivent sur Clarens. 


Chemistry. — ‘Current Potentials of Hlectrolyte solutions”. By 
Dr. H. R. Krurr. (Communicated by Prof. Ernsr Conun). 


(Communicated in the meeting of June 27, 1914). 


1. For a proper understanding of the reciprocal action between 
electrolytes and colloids the knowledge of the capillary-electric 
phenomena is indispensable"). Researches on the influence of the 
electrolyte concentration in these phenomena have indeed been 
carried out of late years; Perrin’) and Enissarorr ® studied the 
electric endosmose of electrolyte solutions, Burton *) determined the 
influence of electrolytes in various concentrations on the cataphoresis 
whilst there already exists a vast material on the capillary-electro- 
meter and the dropping electrode *). The recent investigations were, 
therefore, chiefly concerned with the measurement of the phenomena 
of motion in consequence of a supplied electric tension ; the reverse 
phenomenon, however, namely the occurrence of an electric tension 
in consequence of a moving electrolyte solution has been but little 
studied °). The former investigations on these current potentials 
(generally, though less accurately, called “Strömungsströme”) are 
restricted to pure water. True, Cnworson ’) states that electrolyte 
solutions cannot produce current potentials, but from the quoted 
treatises of Gourf DE VILLEMONTEE *) it appears that the latter only 


1) For full details of this problem see H. FREUNDLICH, Kapillarchemie, Leipzig 
1909 in very condensed form H. R. Kruyt, Aanteekeningen Prov. Utr. Gen. 3 June 
1913 p. 9 and Chem. Weekbl. 10, 524 (1915). 

2) Journal de Chimie physique 2. 601 (1904). 

8), Z. f. physik. Chem. 79, 385 (1912). 

4), Phil. Mag. [6] 11, 425; 12, 472 (1905) and 17, 583 (1909). 

5) Detailed literature statements in CHwo.tson, Lehrbuch der Physik IV 1. 

6) The most important investigations of recent times are those of CAMERON and 
OeTTINGER, Phil. Mag. [6] 18, 586 (1909); Grumsacr, Ann. de chim. et de 
phys. [8] 24, 453 (1911) and Rrérvy, ibidem [8] 30, 1 (1913). 

1) 1. e. note 5. 

5) Journ. de phys. [3] 6, 59 (1897). 
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investigated solutions of CuSO,, ZnSO, and NiSO, in the concentra- 
tion of 10 grams per litre. Because current potential and electro- 
endosmose are so to say each other's reflected image *), one 
may rather expect that the electrolyte concentration will make 
itself felt in a similar manner in regard to those two phenomena. 
As Enissarorr (l. ¢.) found that even exceedingly feeble electro- 
lyte concentrations strongly diminish or suspend the electro- 
endosmotie transport, we can only assume from the negative result 
of Gouré pr ViLLeMONTÉE that in the concentrated solutions used by 
him the potential is already lowered to about zero. Rméry’s result *) 
have also confirmed this conclusion. 

(rumpacn *), who investigated the influence of non-electrolytes on 
the current potential, has not used pure water as comparison liquid 
but a KCl-solution of the concentration 1 millimol. per litre and in 
this manner obtained positiv results. ‘In the investigation here 
described I have made use in many respects of the experimental 
methods mentioned in GRUMBACR’s paper. 


0, 


i 9) 


{a 


[hanes 


Fig. 1. 
SAXÉN, Wied. Ann. 47, 16 (1892). 
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2. Apparatus. In fig. 1 the apparatus used is represented 
schematically. The liquid serving in the experiment runs from flask 
fF, into flask #’, through a doubly bent glass tube Kap, which is 
partly drawn to a capillary. Into the three-necked Wourrr flask 4, 
which is closed by means of rubber stoppers with copper wire 
ligature, arrives also (1) a tube a through which air can be pressed 
and (2) an electrode #,. In the other flask /’, is found an electrode 
#, and a thermometer 7h. The electrodes are Ag-AgCl electrodes. 
A silver wire is fixed into a glass capillary by means of Carrrerer- 
wax. The protruding end is electrolytically covered with AgCl 
according to the indications given by JAHN ’). 

A constant pressure above the liquid in flask /’, is obtained as 
follows: by means of a cycle foot-pump mercury can be pressed from 
the reservoir #2, into R,; the pressure thereby generated is read off 
on the open mercury manometer. As owing to the transferring of the 
liquid from #, to /, the pressure would diminish a little during 
the experiment, it is kept constant by means of the arrangement 
CD by turning the handle C. 

The measurement of the potential differences between the electrodes 
HH, and ZE, was carried out by the compensation method of PoaeEn- 
DORFF-DU Bors ReyMonp. A galvanometer could not be used as a zero 
instrument because the strength of the current passing through the 
instrument is exceedingly small in consequence of the enormous 
resistance, in the battery FF,. Hence, a capillary electrometer 
(KEM in fig. 1) was used, which was fixed to the object table of 
an ordinary microscope; the axis of the microscope was, of course, 
placed horizontally. The readings were made using of an ocular- 
micrometer, objective 4c (ReicarrTt) and Huyeens ocular 1. 

The following serves to further explain the figure. S, is a key 
for cutting off the short circuit of the capillary electrometer; A in- 
dicates that this is connected with the earth. As working element 
are used one or more accumulators Acc whose tension was determ- 
ined by comparison with a Weston standard-cell, which was placed 
in a thermostat at 25° (WNE). By O the different current inter- 
rupters are indicated; by O, the electrodes #, and /, can be brought 
into short circuit, which was always done during the time that no 
observations were made. By QO, the current of the working cell is 
twitched in; QO, annables to introduce at will one, two or four 
accumulators as a compensation battery. O, renders it possible to 
take up in the circuit either the standard cell or the battery #4, 


1) Zeitschrift f. physik. Chem. 33, special page 556 (1900). 
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In order to protect the Ag-AgCl-electrodes from the light, the 
flasks PF, and #, are externally coated with a film of red gelatin 
obtained by inserting them in a solution of gelatin to which a little 


eosine had been added and which had just started to gelatinise. 
Moreover, they were always protected from direct daylight. 


3. Method and preliminary experiments. The measurements were 
made a few minutes after the pressure had set in. A number of 
measurements at different pressures were always made. When between 
two measurements the liquid had to be pressed back from flask #, 
to flask /’, (for which at a the connection with the pressure arrange- 
ment could be broken off and an oil suction pump. attached), no 
measurements were executed at suction pressure. 

From GruMBACH’s experiments we notice that the value of the 
current potentials varies a little during the first days after the con- 
struction of a battery //,. I repeated one of his observations, also 
with the object of comparing the results obtained with his and my 
own apparatus. 


Table I contains the results of a series of measurements carried 
TABLET, 

P E E P | E E 

cm mercury | millivolts P cm mercury | millivolts | P 

11 March t=d4e 62.2 253 4.1 

bie? on gene BEE 218 4.3 

86.4 | 367 4.2 | average 41 
548 | 236 43 || 14 March t= 16° 

70.8 315 4.4 82.2 | 310 3.8 

average 4.3 85.2 | 323 | 3.8 

12 March t= 13° 72.2 | 280 | 3.9 

48.2 201 4.2 60.8 deb. Sea aig 

12 240 4.2 average 3.9 
68.1 280 4.1 16 March te 

average 4.2 | 86.2 341 4.0 

13 March == 14° | 10.2 284 4.0 

85.2 | 350 Al | 58.8 | 240 | Al 

gade d> vz 4.1 | average 4.0 
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out with a solution of the concentration 1 m. Mol. KC/ per Liter. 
The battery was filled March 11. P indicates the pressure, E the 
current potentials. 

From this we notice that the apparatus acted splendidly. The 
potential per cm. mercury pressure has each day a constant value, 
but varies the first two days. On the third day the terminal value 
is attained. 


d. Measurements. In this paper a series of measurements is com- 
municated, the object of which was to ascertain the influence of 
some solutions which differed in the valency of the cation. Therefore 
solutions, of the chlorides of A’, Ba", and Al" were used. As 
solvent was always used so-called “conductivity water”. The very dilute 
solutions were made by diluting a standard solution. Ali measures 
used in this investigation were carefully calibrated or recalibrated. 

In order to shorten the time of these tedious measurements 
they were all executed 20 hours after filling the cell. True, the 
constant terminal value is then not yet attained, but the difference 
is comparatively small and the error introduced is the same in all 
measurements. Moreover, the inaccuracy caused thereby is without 
influence on the tendency of the conclusions presently to be drawn, 
in itself a good reason for proceeding to this measure of enormous 
time saving. Moreover, several sets of flasks were used, in such a 
manner however that, for instance, ‘all the AC/ solutions were 
measured in the same set. Finally, the sets were compared mutually 
in which the solution of 100 u Mol. (micromol ='/,,,, millimol) AC/ 
p. L. served as comparison liquid. With both apparatus was found 
exactly the same value for the potential per unit of pressure. 

In the subjoined tables, the concentrations in the first column are 
given in u mols. p. L.; in the second column is found the current 
potential / in millivolts per unit of pressure (em. of mercury) under 
which the liquid was forced over. This value is always the mean 
of two or more measurements whose differences were of the order 
of those in Table I (generally much less than those). 

When in the tables no sign is indicated at the potential value, 
the condition (as with: pure water) is such that the electrode B, in 
fig. 1 is negative. In the A/C, solutions a change of poles took 
place, hence the potentials following are indicated by +. 

The results of the tables IL to IV are represented graphically in 
fig. 2. Fig. 3 also gives the curve for A/C/, on a larger scale. 


=200 


— 100 


+100 


Fig. 2. 
TABLE Il 
KCl 

Cone. 
in »Mol E 
JE 

pa EE 
0 about 350 
50 102 
100 Hil 
250 23 
500 12 
1009 4 
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-300 


= 100 


+100 


10 
conc. 4 Mol p.L. 


Fig. 3. 
TABLE III 
BaCl, 
Conc. 
in “Mol E 
je 
pk 
10 139 
25 719 
50 44 
100 25 
200 9 
1000 1 
40000 no exchange of 
poles 
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TABLE IV 
AICl3 
Conc. 
in “Mol E 
P 
p. L 
0 about 350 
0.5 52 
1 + 42 
2 + 122 
a + 129 
4 + 100 
10 + 52 
100 + 6 
500 + 14 


5. On considering these results we notice, of course, first of all the 
great influence of the valency of the cation; as this gets bigher the 
capillary gets more strongly discharged at an equal concentration. This 
had also been observed by Enissarorr when measuring the electric 
endosmose and may be noticed with Ruiéry from his experiments with 
uni- and bivalent ions. The latter has observed a change of poles only 
once, namely with copper nitrate and that only at a high concen- 
tration’). In the case of A/C/, about 0.8 u mol. or about 0.1 mg. 
per liter appears to be sufficient to lower the current potential from 
about 350 mV. to zero. It seems remarkable that this charge reversal 
does not take place with BaCt, (see Table III) neither with ZnSO, 
or CuSO, (Rréry) nor with substances with a univalent cation. 

Still more striking is the fact that according to Erissarorr, the 
electro-endosmotic transport requires, in a glass capillary, 100 micro- 
mols of Al to be reduced to 0 without a reversal occurring, whereas 
the same investigator, although attaining the zero point, with a quartz 
capillary, at about the same concentration as required in our research 
[he found 1.6 mw mol. 4 Al, (SO,),} could not even then notice a 
reversal of the transport direction. This creates the impression that 


1) The exact concentration cannot be made out from his experiments. In any 
case, however, it lies above 900 « mol p. L. 
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in that research secondary influences come to the fore ; perhaps the 
powerful electric field in which the measurements are executed is 
not without influence on the capillary itself. Only the quadrivalent 
Th““-ion was capable of causing a charge reversal. 

The results obtained here are in harmony with the general theore- 
tical points of view. The electric double layer in the capillary, in 
the case of pure water consists of 'OH-ions at the side of the glass 
wall and ‘H-ions at the side of the liquid in consequence of the 
selective ion adsorption of the glass wall which always adsorbs the 
'OH-ion more strongly. From the electrolyte solutions the cations are 
absorbed more eagerly than the anions so that the charge gets lowered. 
If this adsorption for KCl, BaCl, and AICI, is such that solutions of 
the same molecular concentration are absorbed about equally, it is 
conceivable that the three times more active Al-’-ion requires a much 
lesser concentration than the K'-ion in order to attain an equal 
potential reduction. 

If once the capillary is charged reversely the adsorption of the 
Cl-ion, which carries a charge now opposite to that of the capillary, 
seems to predominate. The positive charge now soon attains (at 3 « mol.) 
a maximum value, and than decreases, but only slowly, because the 
discharging ion is univalent here. 

In agreement with the theory are also the results of Ritry >), for 
instance that the salt of a heavy metal has a stronger discharging 
action than that of a lighter one (Cu and Zn, at least in the small 
concentrations). A cation of a heavy metal is known to be adsorbed 
more strongly than that of a light one”) 

Moreover, the behaviour in the case of CuSO, and of Cu(NQ,), is 
in agreement with investigations as to the adsorbability of those salts *). 
The influence of the anions is also observable in Ruéty’s results and 
appears to have an effect corresponding with that in the case of 
AICI, just deseribed. 

The question whether the organic cations also behave according to 
the theoretical expectations is being considered. Several other solutions 
of electrolytes in water as well as in mixed solvents *) will be 
investigated. 


Utrecht, June 1914. van ’m Horr-Laboratory. 


1) 1. c. 

*) Morawirz, Koll. Beih. 1, 301 (1910). 

5) Freunpuicn and Scuucut, Z. f. physik. Chem. 85, 641 (1915). 

+) Of these have also already been measured a few series in connexion with 
the researches of Kruyr and van Duin, Koll. Beih. 5, 269 (1914). 
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Chemistry. — “Electric charge and limit value of Colloids’. By 
Dr. H. R. Kruyr. (Communicated by Prof. Ernst Conen). 


(Communicated in the meeting of June 27, 1914). 


1. The present conception as to the relative stability of the sus- 
pensoid system and the way in which it may be suspended has been 
developed according to the following train of thoughts. 

Harpy *) and afterwards Burton *) have undoubtedly established 
the fact that this relative stability falls and stands with the electric 
charge of the suspended particle. Indeed, the permanently suspended 
particle that exhibits a vivid Brown’s motion, has a cataphoretic 


> 


mobility of the order 2—4 u per second and per rib addition 
of an electrolyte one diminishes the relative stability, this velocity 
also decreases and therefore, the electric charge of the particle has 
evidently decreased also. The ““iso-electric”” point, where that charge 
seems to have become zero, coincides with the moment of the smail- 
est stability. Since the research of Wuitney and OBrr *) we know 
moreover, that with the repeal of the stability (the coagulation) is 
coupled a combination of the coagulating ion with the particles, and 
by FREUNDLICH's *) researches we arrived at the knowledge that these 
phenomena are described quantitatively by the equation of the 
adsorption-isotherm. 

From these elements is built up the theory that the particle owes 
its charge to the selective ion-absorption in its boundary layer and 
loses it by tre selective adsorption of the oppositely charged ion of 
the coagulating electrolyte. As specific properties of the adsorbent are 
usually of but very subordinate influence on the order of the charac- 
terizing quantities in the adsorption, the action of diverse electro- 
lytes on all capillary-electric phenomena ought to exhibit the same 
order, which the researches as to the electro-endosmotic phenomena 
compared with those of the coagulation of colloids have indeed 
confirmed. 

It now occurs to me that the researches on the current potentials, 
particularly those which have been communicated in the preceding 
paper, are capable of furnishing us not only with a new proof of 
that equality of order, but also demonstrate that the influence which 


1) Z. f. physik. Chem. 38, 385 (1900). 

% Phil. Mag. [6] 11, 425; 12, 472 (1906) and 17, 582 (1909). 

8) Z. f. physik. Chem. 39, 630 (1902). 

*) Zeitschr. f. physik. Chem. 73, 385 (1910) and 85, 641 (1913), 
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electrolytes exert on the charge of a glass capillary is quantitatively 
the same as that exerted on the colloidal particle during the coagulation. 


2, As regards the order of the ion-actions, it has been pointed 
out in the previous paper that the ions discharge more strongly, 
when their valency is higher and that the heavy metals exert more 
influence than the light ones of equal valency. It is well-known 
that the limit values for the coagulation of suspensoids just exhibit 
the same peculiarities. 


3. In order to make a quantitative comparison it should be first 
observed that the limit values for KCl and BaCl, in the same sol. 
are generally in the proportion of about 60: 1. In contact with 
either of these solutions the charge of the particle thus gets equally 
diminished. We may, therefore also expect that the charge of a glass 
capillary will be lowered by a solution of KCI to the same extent 
as by the sixty times weaker BaCl, solution. Hence, when from the 
tables in tbe preceding paper we calculate the charge in concen- 
trations of KCl and BaCl, in the said proportion, those should be 
equal if the idea as to the limit value just revealed is a correct one. 

The calculation of the charge is possible according to the theory 
developed by Hermnourz *). The current potential is sequel to the 
electric double layer formed at the wall of the capillary and is 
related to the electric moment M as follows. 


163) 
Bez Me Pt eh as ai 
N 


in which w represents the specific resistance and 4 the constant of 
the internal friction whilst P represents the pressure employed. For 
comparison purposes we can consider the electric moment of the double 
layer just as well as the charge ¢ per unit of section, as it is in 
inverse proportion therewith. 


We write equation (1): 


E 
iS =, 
Pw 


If now we indicate the quantities relating to a BaCl,- solution 
with the index 4, those relating to the 60 times more concentrated 
solution of KCl with the index &, then on the strength of the above 
considerations we must get 


EN. nb MEN ij 
PJ oy” \PJe or 


(! Wied. Am. 7, 337 (1879). 
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As we only have in view very dilute solutions, we may put 
4, = ns (namely = 11,0). From this follows 


E 
Eliot 
HE Di 


e), 


or in words: the relation of the current potentials of two electrolyte 
solutions whose concentrations are related as in the limit values of 
colloids are inversely proportional to the specific resistances of those 
solutions. 

Meanwhile attention should be called to the fact that by limit 
values in this connexion we must not understand the concentration 
y of the electrolyte added. From this a part is withdrawn by 
adsorption and hence, to the setting in end-condition appertains a 
lower concentration, which we will call 4. In the experiments as 
to the current potentials we may probably identify the total con- 
centrations with the equilibrium concentrations as the adsorbing 
surface (the glass walls) is so small: only in the case of the exceedingly 
weak AICI, solutions a doubt may arise. But in the colloid systems 
that difference may not be neglected. These y-values themselves 


BR — > 


Fig. 1.1) 


‘ + ‘ wv . y 
1) In Fig. 1 on the axis of coordinates should be read — in stead of Lm 
m m 
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have been determined only for As,S, *) and HeS, *) and for electro- 
lytes not used here. 

The proportions are: 

With As,S, XNH4CI : XUO,(NO;). == 82 
„HED: NEC Kees = = oe 

The proportion chosen 60:1 is, therefore, a rough approximation, 
but a comparison with y-values of other sols (Pé, Aw ete.) renders 
it probable that it represents the average. 

The relations between charge, adsorption and limit value are 
elucidated schematically in the above figure. In the upper half of 
the figure is drawn the charge « of the capillary in dependence on 
the concentration of the traversing liquid, so that J, Il, and III stand 
for uni-, di- and trivalent cations respectively. In the lower half is 
given, with the same concentration axis, the correlated adsorption 
of the electrolyte as a downward directed ordinate. If now %,, x, 
and x, indicate the relation of the limit values for uni-, di- and 
trivalent cations, respectively the correlated downward directed ordinates 
must sbow the proportion 1:13:35 and the upward directed ones 
equal values. 


4. For verification of this relation appeared suitable : 

(a) 10 wMol BaCl, — 600 uMol KCI. 

6) 25 wMol BaCl, — 1500 uMol KCL. 

It would not do to simply take the specific conductivity powers 
as being proportional to the concentrations because in the so strongly 
diluted BaCl, solutions the conductivity power of water could not 
be neglected. Hence, I have made a direct measurement of the 
relation of the specific resistances by filling in Wuratstonn’s bridge 
a vessel of arbitrary but fixed capacity with the liquids used. 

The relation of these resistances was in the pair (a) 


wi, 4630 
—_ = —~— = 19 
wk 247 

and in the pair (0) 
od a RUS 
wk _99:9 


The values of p are obtained from the research communicated 


in the preceding paper. 


1) Freunpuicu, Zeitschr. f. physik. Chem. 78, 385 (1910). 
*) FReunDLICH en Scuucut, ibidem 85, 641 (1918). 
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As the relation of the potentials for (4) we obtain 42% or 14; as 
the relation of the resistances: 19. 

From the combination (4) we obtain for the potentials 42 cr 26, 
for the resistance 28. 

This agreement undoubtedly tells much in favour of the above 
mentioned theory. With concentrations somewhat larger than 60 the 
agreement might be better still. 


5. The material of Riéry') is only once suitable for testing the 
relation (2). 

For so far kis measurements have been executed with solutions 
of salts other than chlorides his measuring electrodes were non- 
reversable ones and his results are therefore useless for quantitative 
verification. I have only been able to find one combination of 
chlorides where concentrations have been measured which are com- 
parable with limit values: they are KCl and HCl. For As,S,-sol 
these limit values have been determined to 50 and 31 mMol p. L. 
respectively *). 

Now from his experiments RiÉry has calculated the potential at 
the capillary wall in certain units for 0.01 n. KCl as 3.1. We can 
use this figure again for comparison purposes at it is directly propor- 
tional to the charge. 

In the case of HCI he determined for 0.005 n : 3.39, for 0.010 n : 2.8. 
For the comparison with 0.01 » HCl we must know the potential at 
the concentration Zò Xx 0.01 = 0.0062. This, 1 have interpolated by 
assuming that the logarithms of the potentials are directly propor- 
tional to those of the concentrations, after I had first convinced 
myself that this interpolation ®) formula was quite satisfactory in the 
longer series stated in RiÉry's paper. We then find 3.2 which is 
again a splendid agreement. 


6. Quantitative comparisons with the trivalent cation are difficult 
to draw, because the y-values thereof are either not known or uncer- 
tain. From the treatises cited on p. 648 we, however, get the 
impression that the g-values diverge very little from zero, as is also 
expected from Table IV of the preceding communication, because a 
complete discharge takes place already at a concentration of 0.8 u mol. 


7. A no less striking parallelism between charge and limit value 


') Ann. de chim. et de phys. [8], 30, 1 (1913). 

*) Freuxpucn, Kapillarchemie (Leipzig 1909) Table 81. True, those are j- and 
not y-values, but with these univalent ions, this cannot have any serious influence, 

5) To this formula should only be attached the significance of an interpolation formula, 


41 
Proceedings Royal Acad. Amsterdam. Vol, XVII 
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is furnished by the shape of the curve found for the current potential 
with AICI, solutions. This line is absolutely connected with the 
so-called irregular series. 

From what is stated in § 3 in connection with Table 1V (fig. 3, 
respectively) of the preceding paper it follows that the concentration 
at which the battery shows an exchange of poles, is also that of 
the zero-charge of the capillary, whilst its positive charge goes up 
to about 3u mol. and thence lowers without however reaching zero 
again. An AICI, solution will consequently have first a discharging 
and therefore a coagulating effect on a negative sol. ; at higher concen- 
trations it will render it a positive sol and only at a much higher 
concentration it will again reverse the charge and cause coagulation. 
But therewith are described exactly the phenomena which, for instance, 
have been observed by Buxton and TarGve'), when they coagulated 
mastix with AICI, and indigo or Pt with FeCl,. The lower non- 
coalescent, the lower coalescent zone, the upper non- and coalescent 
zones, they can so to say be read off from the figures of the preceding 
communication. 

One is accustomed to attribute the phenomenon of the irregular 
series to a special action of the hydrolytically resolved hydroxides 
of the coagulating ion. In connection with the preceding arises a doubt 
whether to AI(OH), ought really to be attributed a preponderating 
significance. For it does not seem probable that the AICI, which is 
present in such a small concentration, can cause a reversal of charge 
in the capillary. Much more acceptable seems the following idea. A 
strongly discharging cation unloads the capillary at such a small 
concentration that the small anion-concentration cannot prevent a 
complete reversal of charge. Of this the anion-concentrations are 
capable in the case of Ba and K: because there the charge gets 
nearer the zero value only at so much larger concentrations. 

Hence, the afterzone phenomenon will occur, as soon as the dis- 
charge by the cation is already very large at small concentrations 
and is favoured by a feeble action of the anions. This strongly dis- 
charging action of the cation may arise from its higher valency or 
from its strong adsorbability. The fact that irregular series were 
observed, for instance, also with strychnine nitrate, new fuchsin, 
brilliant-green, auramine and silver nitrate’) is quite in harmony 
with this argument. For here we are dealing with strongly adsorb- 
able cations and because they are univalent the equivalent anion 


1) Z. f. physik. Chem. 57, 64 (1907. 
2) FREUNDLICH, |. c. 
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concentration present is still proportionately three times less than 
with AICI,. 

A start has already been made with investigations to get a proper 
insight, particularly in this question of the irregular series. 


8. Finally it should be pointed out that the previous considera- 
tions also give an explanation of the fact often stated by us that in 
the case of Al-salts we can determine the limit value much more 
accurately than with salts of uni- or bivalent metals. Two tubes with 
As,S, sol. which contain Al in concentrations situated 1°/, above 
and below the limit value, respectively exhibit after shaking a quite 
clear and a turbid fluid respectively. In the case of bivalent cations 
we must, so as to make quite sure, take the difference somewhat 
larger and very much so for a univalent ion. It is self-evident 
that the cause lies in the fact that . (e charge, c concentration of 
coalescing ion) for Al is > for Ba and this again > for K:. 


Utrecht. June 1914. van ’r Horr-Laboratory. 
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Physiology. — “On the nerve-distribution in the trunk-dermatoma’”’. 
By Prof. G. vaN RiNBErK. (Communicated by Prof. C. WINKLER). 


(Communicated in the meeting of September 26, 1914). 


We know as a result from the researches on the segmental skin- 
innervation, made after the method of the so called “remaining 
aesthesia”, first introduced by SHERRINGTON, that from a definite 
zone on the skin (the dermatoma or root-area) stimuli may reach 
the spinal cord along each separate dorsal root of the spinal cord. 
Such investigations, however, do not teach us anything about the 
manner in which the sensibility in each of these root-areas is 
provided for by the peripherical cutaneous nerves. A few experi- 
ments made on dogs have enabled me presently to offer the 
following conclusions concerning exclusively the dermatomata of 


the trunk. 

In a dissertation by O. Närricu *), written under the direction of 
ELLENBERGER, the nerves providing the skin of the dog are described 
with elegant accuracy. It is shown therein, that the skin of the 


Fig. 1. Cutaneous nerves of the dog, according to Naurich. —01=Th. 1, first 
thoracic nerve, dorsal branch. rl = first thoracic nerve, lateral branch. rl = Th. 3, 
third thoracic nerve, ventral branch, ul = L. 1, first lumbar nerve, dorsal branch, 
q = nerve of the large subcutaneous muscle. 


1) O. Nänricu. Die Gefiihlshezirke und die motorischen Punkte des Hundes, 
Ein Beitrag zur vergl. Anatomie und Physiologie. Inaug. Diss. Zürich 1907, 
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trunk is innervated by means of the perforating branches of the 
intercostal and lumbar nerves. 

If Th. 3 is taken to be the most eranial and L. 4 to be the most 
caudal nerve of the trunk, it will be found that from Th. 3 to 
Th. 7 each nerve-root is sending three perforating branches to the 
skin: a dorsal, a lateral, and a ventral branch. The dorsal nerve- 
trunk generally supplies two main branches: a medio-dorsal and a 
dorso-lateral one. The lateral nerve invariably supplies two branches: 
a latero-dorsal and a latero-ventral branch. The ventral nerve-trunk 
usually consists of one main trunk, which may be said to be medio- 
ventral. From Th. 8 to L. 4 the medio-ventral branches are wanting : 
their place is taken by the latero-ventral ones. 

The different points, where the dorsal, lateral, and ventral nerves 
enter into the skin, may be interconnected by lines. This having 
been done, it becomes evident that the dorsal branches, going in 
a cranial-caudalward direction, perforate the fascia continually at 
a greater distance from the mid-dorsal line, whilst the lateral trunks 
on the contrary come forth more dorsalward. A correct insight into 
the relations of these nerves is offered by Fig. 1. From Fig. 2 it 
may be seen moreover, that the skin of the trank can be divided, 
according to a superficial scheme, into three zones as regards its 
peripherical nerves: a dorsal, a lateral, and a ventral zone. 


sl Se 
cum pectoralis dorsaltsjve ar: of jon lat, DA 
Ash, 


Fig. 2 Extension-zones of the dorsal, lateral, and ventral nerve-branches of the 
skin of dogs, according to Närrircn. 
1. The first question I now put to myself was the following: are 
the perforating dorsal, lateral, and ventral trunks, which belong when 
42* 
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prepared macroscopically, to one intercostal resp. to one lumbar 
nerve, unisegmental or pluri-segmental nerve-canals. For whilst it 
is admitted almost generally that the intercostal nerves are uniseg- 
mental courses, Eiser) believes he has sufficient grounds for 
stating that delicate nerve-plexus, situated on the inside of the ribs 
always connect two intercostal nerves. This being so, an interchange 
would occur here between nerve-fibres of a different segmental origin. 
Concerning the nerve-distribution of the root-areas, this question 
may be formulated as follows: Do the nerve-fibres of each separate 
dorsal root of the spinal cord reach the skin-area belonging to that 
root along one single dorsal lateral or ventral perforating nerve- 
trunk, or along several ones? 

In order to solve this question, I made the following experiment. 
After the afore mentioned method of SHERRINGTON, the dorsal (and 
ventral) spinal nerve root of a segment on one side of the spinal cord 
of some dogs was “isolated”, usually between three cranial and as 
many caudal roots, which were cut through extradural. This being done, 
the isolated root-area, corresponding to the isolated root, was 
demareated against the two insensible zones, corresponding to the 
sectioned roots. Situation, form and extension of the sensible root- 
area once being well defined, the skin was entirely cleft both in the 
cranial and in the caudal insensible zone by a slit passing from 
the mid-dorsal to the mid-ventral line. This of course could be done 
without narcosis. Immediately after this, a search was made for 
the perforating skin-nerves, and at least three successive ones of 
these in cranio-caudal direction, in the dorsal, lateral, and ventral 
skin-area, were prepared free, as much as possible avoiding any 
lesion of them. Next to this, by means of the induction-current, 
these nerves were stimulated to ascertain whether they conducted 
painstimuli. Invariably the result was, that for each skin-area such 
was only the case with these branches that belonged to one point 
of entrance. Irritation of the other branches, even with the strongest 
induction currents (the bobbin being entirely pushed in), never 
produced any symptom of pain, if slippings of the current were 
avoided. This result was wholly confirmed by a contra-experiment. 
If, after careful determination of the dorsal, lateral and eventually 
ventral branches, which were conductors of pain-stimuli, these branches 
were cut through, the sensibility in the isolated root-area proved to 
be destroyed entirely and irrevocably. 


') P. Erster. Ueber die Ursachen der Geflechtbildung an den peripheren \erven, 
Verh. d Anatom, Gesellsch a. d. 16e Vers. in Halle. 1902. S. 200, 
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Thus it results that the trunk-skin of the dog forwards its stimuli, 
destined for a definite segment of the spinal cord, only by means 
of one set of peripherical skin-nerves. This means that in those 
nerves only fibres belonging to one posterior root have their course, 
and that consequently the perforating skin-branches are segmental 
nerve-canals. 

II. A second question, necessarily presenting itself, is the following 
one: what separate portion within the dermatoma is innervated by 
either the dorsal or the lateral (ventral) peripherical branches ? 

To investigate this, the above-mentioned method was partially repeated 
once more. With dogs, where a nerve-root had been isolated, the 
peripherical branches entertaining its sensibility were sought for and 
prepared free. After this the conduction was successively interrupted, 
either provisorily or lastingly, in one or more of these branches. 
To obtain a lasting interruption of the conduction, the branch was cut 
through. For a provisory interruption the branch was enfolded by a 
piece of cottonwool, drenched in a 5°/, solution of stovaine. The 
conduction once interrupted, the root-area was tested to ascertain 
whether a portion of it had become insensible, and if so the confines 
of the insensible area found in this manner were determinated. 


AN 
\ 


10. 


Fig. 3. On a dog a root-area (Th. 10) has been isolated between two 
insensible zones. After this, three cutaneous branches belonging to the dorsal 
perforating nerve-trunk, are successively cut through. The dotted portion 
of the root-area then becomes successively insensible, until finally the whole of 
its dorsal part has lost sensibility. 


a. Interruption of the conduction in the joint dorsal cutaneous 
branches. 
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After this operation the entire dorsal portion of the isolated 
dermatoma was found to have lost sensibility. To make the ventral 
demarcation of the area that has been made insensible in this way 
rightly understood, | may add the following: For a long time I had 
been struck by the fact that after a carefully performed root-isolation, 
the demarcation-lines of the isolated root-areas showed at a definite 
point a distinct bent. The origin of this bent is, that at some 
distance from the mid-dorsal line of the body, both the cranial 
and the caudal demarcation lines of the root-area, change their 
direction somewhat cranialward. In the cranial demarcationline this 
bent is always found a little more dorsalward than in the caudal 
demarcationline. Now it is remarkable, that the ventral limit of the 
insensible zone, originated by the sectioning of the dorsal nerve- 
branches, is invariably found to be a straight line, connecting the 
cranial with the caudal limit just above this bent. This line therefore 
goes in a cranio-caudal direction. At the same time however it 
deviates slightly in a dorso-ventral direction. Consequently the 
latero-ventral nerves supply within the root-area the innervation of 
a zone extending to a point somewhat above the alleged bent in 
its demarcation-lines. 

6. If the conduction is interrupted in the joint latero-ventral 
branches, the entire ventral portion of the root-area becomes insensible. 


\ 


Fig. 4. The same as in Fig. 3, only for branches of the latero- 
ventral trunk. (The isolated root-area is probably in the main Th. 12. 
Its closer definition was neglected in the necropy.) 


If we compare the demarcationline found in this way, with that 
found after interrupting the conduction in the dorsal branches, it 
becomes evident that the ventral boundary of the dorsal area does 
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not coincide exactly with the dorsal boundary of the ventral area, 
but that a reciprocal overlapping occurs, although it be only a 
slight one. It is shown thereby that the bent, found in the demar- 
cationline of the root-area, is situated exactly at the point where the 
dorsal and latero-ventral portions of the dermatoma meet. The cranial 
direction of this bent indicates that the latero-ventral portion must 
be lying somewhat more cranialward than the dorsal one. This fact 
has been stated previously by Bork ), when he found in 1897 a 
“discrepancy” of the dorsal and ventral dermatoma-areas on the 
human trunk. In the experimentally defined dermatoma this discre- 
pancy finds its expression in the alleged “bent”. Similar conditions 
have been observed clinically by Eicuuorst’), after transversal lesions 
of the spinal cord in the trunk-area. 

c. Interruption of the conduction in separate minor branches of the 
dorsal and latero-ventral nerves. 

The conduction may be interrupted in the separate minor branches 
of the perforating nerves as well in the dorsal as in the latero-ventral 
portion of the root-area. When this operation has been performed it 
becomes evident, as long as only the larger branches were subjected 
to it, that each of these supplies the innervation of a small zone, 
extending equally into the cranial and into the caudal boundary of 
the root-area, and for the rest demarcated by lines going in a 
cranio-caudal direction. The whole root-area therefore is divided 
into a series of small areas, lying alongside of one another in 
dorso-ventral direction. The skin-area of the medio-dorsal branch 
adjoins the mid-dorsal line, the dorso-lateral branch on the other 
hand extends over an area, adjacent to the lateral portion of the 
dermatoma, more ventralward than that of the medio-dorsal branch. 
A similar ordination is found likewise to exist for all skin-areas 
corresponding to the various latero-ventral branches. 

Whenever very thin branches are cut through, either no insensi- 
bility ensues, or else an irregularly insensible spot is found some- 
where within the root-area. From the fact that in many cases, after 
the sectioning of such small branches, no insensibility is found, we 
may conclude that the areas of extension of the separate branches 
of the cutaneous nerves must overlap one another to a certain degree. 
I have not been able however to determine the extension of these 
overlappings. 

1) L. Bork, A few data from the segmental anatomy of the human body. 
Ned. Tijdschrift v. Geneeskunde. 1897. | p. 982—995, and 1897. Il. p. 565—379. 
(Compare especially p. 365 et seq.). 


2) H. Ercuuorst, Verbreitungsweise der Hautnerven beim Menschen. Zeitschr. 
f. Klin. Medicin. Bd. XIV. S. 519. Berlin 1888. 
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II. Finally my attention was given to the nerve of the subeutaneous 
musele. Nänrien *) testifies that by irritation of this nerve, in addition to 
contraction of the cutaneous muscle, also pain-symptoms are brought 
forth, whilst after the sectioning of this nerve, the sensibility of the 
skin had diminished. I have not been able to verify this latter fact. It 
is not to be doubted moreover that e.q. an isolated root-area, if either 
the isolated root or the peripherical branches have been cut through, 
becomes entirely and completely insensible, whilst the nerve of the 
cutaneous muscle remains intact. It is therefore probable that this 
nerve does not contribute to the sensibility of the skin. Nevertheless 
I can confirm the statement of Náänrtcn, that after its having been 
cut through, irritation of the central end proves painful. It may be 
that the muscular sensibility plays a part in producing these symp- 
toms of pain. 


Chemistry. — “The Allotropy of Cadmium.” IV. By Prof. Ernst 
Couren and W. D. HELDERMAN. 


(Communicated in the meeting of September 26, 1914). 


The electromotive behaviour of Cadmium. H. 


|. Up to the present we have only directed attention to the 
electromotive behaviour of a- and y-cadmium; the 8-modification has 
not been mentioned hitherto. It will be treated in the following lines. 

2. It may be remembered that a number of cells constructed 
according to the scheme: 

Cd | | Cd-amalgam 
electrolytically Solange sh 12.5 see 
deposited | eee | by weight. 
had an E.M.F. of 0.050 Volt at 25°.0, whilst the E.M.F. of others 
was only 0.047 Volt at the same temperature. (The cells were 
reproducible within 0.5 millivolt). 

3. Now we were struck by the fact that when constructing a 
large number of these cells we often got cells which had an E.M.F. 
of 0.048 Volt at 25°.0. 

The E.M.F. of cells which originally had an E.M.F. of 0.050 Volt 
at 25°.0, spontaneously decreased till the value 0,048 Volt was reached. 
After this their E.M.F. remained constant. 

4. The conclusion was plain that the cells giving 0.048 Volt might - 


1) L. c. p. 95—96, 
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contain f-cadmium, those giving 0.047 Volt «cadmium, whilst those 
giving 0.050 Volt have y-cadmium as a negative electrode. 

5. If this were really the case, it would be possible to construct 
a transition cell by combining a cell with a-cadmium with one 
containing g-ceadmium; the E.M.F. of this combination would be zero 
at the transition temperature of the change «-cadmium = 3-cadmium. 

6. However it is impossible to carry ont an exact determination 
of the transition point in this way, as the E.M.F. of the combination 
is (at 25°.0) only (0.048—0.047) = 0.001 Volt and the reproducibility 
of each of the cells is only 0.5 millivolt. 

7. In order to ascertain if the E.M.F. of the B-cells has a real 
significance, experiments may be carried out on the following lines: 

At temperatures above the transition point of the change a-cad- 
mium = @-cadmium (which we found in the neighbourhood of 60° 
by dilatometrie measurements) the E.M.F. of a-cells must be higher 
than that of @-cells. After cooling the cells below the transition point 
mentioned, the contrary will occur. 

8. Our experiments in this direction were carried out in the 
following way: 

We constructed a large number of Hurerr cells *); one of these, 
the E.M.F. of which had been originally 0.050 Volt at 25°.0, had 
an E.M.F. of 0.047 Volt (at 25°.0) after having been kept for 4 weeks 
at 47°.5. After this time it remained constant. 

We combined this cell (N°. 7) with 
another one (N°. 22) the E.M.F. of 
which was 0.048 Volt at 25°.0. The 
two cells AB (N°. 7) and CD (N°. 22) 
were connected by a siphon H, 
which contained the same solution 
of cadmium sulphate as was present 
in the cells. (Fig. 1). 

The lateral tube E of the siphon 
was closed by a rubber tube F, in 
which was put a glass rod G. The 
little apparatus was brought into a 

Fig. 1. thermostat which could be kept at 
will at 25°.0 or 64°.5. 

9. We measured the E.M.F. between the cadmium which had 
been electrolytically deposited on the platinum spirals A and C 


') Proceedings 17, 122 (1914). 
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against the common amalgam electrode B. (12.5 °/, by weight). It 
is absolutely necessary to use a.common electrode as the cadmium 
amalgam of 12.5 percent by weight does not form a heterogeneous 
system at 64°.5; its E.M.F. is then a function of its composition. The 
use of the fwo amalgam electrodes B and D might give rise to 
serious mistakes, if there were only small differences in their com- 
position. ; 

The absolute E.M.F. of our amalgam electrode against cadmium 
in. A and C does not play any role in our measurements. 

10. The determinations of E.M.F. were carried out by the Poc- 
GENDORFF compensation method. The resistances used, had been checked 
by the Physikalisch-Technische Reichsanstalt at Charlottenburg— 
Berlin. The same was the case with the thermometers used. Our 
two standard elements (WxEsTON) were put into a thermostat which 
was kept at 25°.0. We used as a zero instrument a Drprez-D’ ARSONVAL 
galvanometer, which was mounted on a vibration-free suspension 
(Junius). The readings were made by means of a telescope and scale; 
0.02 millivolt could easily be measured. 

The determinations were continued during several days, until the 
E.M.F. of the cells had become constant. 

Our table I shows the results. 


DAB raed. 


Temperature 25°.0. 
E.M.F. 
Cell 7 0.04741 Volt 
Cell 22 0.04815 „ 


Temperature 64°.5 
Cell 7 0.04029 Volt. 
Cell 22 0.03979 _,, 


After having brought the cells to 25°.0, we found: 
Cell 7 0.04741 Volt. 
Cell 22 0.04806 __,, 


The table shows that at 64°.5 there has taken place an inversion 
of the poles and that the cells regain their original E.M.F. at 25°.0. 

A second experiment with two cells (n°. 4 and 8) newly con- 
structed, gave the following results: 
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Temperature 25°.0, 
EK. 
Cell 8 0.04757 Volt 
Cell 4 0.04859 „ 


Temperature 64°.5. 
Cell 8 0.04737 Volt 
Cell 4 0.04633 __,, 


After having brought the cells to 25°.0, we found: 
Cell 8 0.04776 Volt 
Cell 4 OTT et 


11. From table II it may be seen that we are here at the limit 
of measurement obtainable in working with cells of so small an 
E.M.F. the reproducibility of which is 0.5 Millivolt. 

12. From the inversion of poles which has been observed, we 
may conclude that the value 0.048 Volt at 25°.0 really has signi- 
licance and is to be attributed to the presence of 8-cadmium. 

‘13. As to the bearing of the existence of different modifications 
of cadmium on the E.M.F. of the standard cell of Weston, we 
refer to our, paper “On the Thermodynamics of standard cells” 
(sixth communication), published some months ago *). 


Utrecht, September 1914. van ’r Horr- Laboratory. 
Chemistry. — “The Allotropy of Zinc.’ UI. By Prof. Ernst 


ConHeN and W. D. HerLDERMAN. 
(Communicated in the meeting of September 26, 1914). 


1. In our first communication on the allotropy of zine’), we 
summarized the earlier literature on this subject as follows: as long 
as half a century ago various investigators tried to solve the problem 
whether zinc might be capable of existing in different allotropic 
modifications. As late as 1890 Lr CnarerieR proved that this metal 
does really show a transition point in the neighbourhood of 350°. 
MÖNKEMEYER found this point at 321°, BrnepicKs at 330° (melting 
point of pure zine 419.°4) whilst the measurements of Max Werner 


1) Chemisch Weekblad 11, 740 (1914). This paper will be published before long 
in the Zeitschr. f. physik. Chemie. 
2) Proceedings 16, 565 (1913). 
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(who found 300°, published some weeks ago, agree sufficiently with 
those of Le Crarrumer. We shall discuss in a subsequent paper the 
differences which exist amongst the results of the investigators mentioned 
above. Whilst Benepicks mentions a second transition point (at 170°), 
Max Werner was unable to find this point. The question as to 
whether it really exists or not, may be left open for the moment. 

2. Since writing the above we became acquainted with the paper 
of Ls Verrier’), which has been summarized by one of us’). 
Le Verrter found that the specific heat of zine varies greatly betwéen 
100 and 140° and that there occurs an absorption of heat within 
this interval of temperature of O—8 calories. This result indicates 
that there exists here a transition point. Mr. G. pe BRUIN is carrying 
out a systematic investigation in this direction. 

3. Brnepicks and Ragnar Arpt have recently published *) a new 
investigation of this subject. In his first paper Brenxpicks pointed out 
that “beziiglich der Frage, ob die für das Zine. puriss. Mrrck 
(garantiert frei von Eisen und Arsen in Stäben) gefundenen Angaben 
auch für das absolut reine Metall gelten, bedarf es ebenfalls weiterer 
Versuche”. 

That there was no reason to suppose that this sample contained 
impurities may be concluded from the authors’ words: “Jedoch ist 
es im Hinblick auf die Wichtigkeit der Reinheit dieses Produktes 
fiir seine Verwendung fiir analytische Zwecke sehr wahrscheinlich, 
dass die Menge von Fremdkörpern zu vernachlässigen ist”. 

4. However Benepicks writes in his most recent paper: “Es ist 
deshalb hier eine Revision der einschlägigen Verhältnisse vorgenomen 
worden, die zu ziemlich unerwarteten Ergebnissen gefiihrt hat. Nämlich, 
dass überhaupt keine Allotropiebeweise für Zink z. Z. vorliegen”’. 
He adds: “ Abgesehen wird dabei zunächst von derjenigen Andeutung 
von Allotropie, die neuerdings von KE. Couren und W. D. HELDERMAN 
durch spez. Gewichtsbestimmungen gefunden wurde”. We shall 
revert to this point later. 

5. The method followed by Renepicks and Arpr to discover 
possible transition points was the same as used formerly by BENEDICKS, 
viz. the determination of the electrical conductivity of the metal at 
different temperatures. 

Whilst he found in his first determinations (working with zine. 
puriss. Merck) transition points at 170° and 330° respectively, he 
was not able to find them when he used “Zine KanLBAUM’” which 


1) CG. R. 114, 907 (1892). 
2) Ernst Conen, Proceedings 17, 200 (1914). 
3) Zeitschr. f. anorg. Chemie 88, 237 (1914). 
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only contained 0,0047°/, of Cd., 0,0033°/, of Pb.,0,00045°/, Fe‚Cu). 

But working with the same material to which 0.52 per cent by 
weight of Cd, resp. 0,5 per cent of Pb. or 0,5 per cent of Cd+0,5 
per cent of Pb had been added, he found several transition points 
which grosso modo agreed with those found formerly by BENEDICKS a.o. 
On account of these results Benrpicks and Arrr conclude that the 
transition points found by Brnepicks in his first investigation are to 
be attributed to impurities in the metal used and that zine which 
is pure does not show transition points. 


6. In the first place it may be pointed out that the curves which 
form the basis of the authors’ conclusions, are so roughly defined, 
that it is almost impossible to conclude anything from them. For 
example, from a consideration of the curve 2 in Fig. 2 (which refers 
to pure zinc), one might arrive at the conclusion that a break *) 
exists at 150°. 


7. However, a more serious objection to the method followed, 
may be pointed out. Our recent investigations on the allotropy of 
metals have shown that the changes in these substances take place 
very slowly even at high temperatures. These retardations can only 
be removed by special means (inoculating in contact with an electro- 
lyte, repeated changes of temperature etc.). We may call to mind the 
fact that we were able to heat cadmium 95 degrees above one of 
its transition points without any changes occurring. It will be necessary 
to give special attention in future to these phenomena, which play 
also a role in “thermal analysis” and which may falsify its results. 

Benepicks and Arrr did not make any provision to eliminate these 
phenomena. On account of what we know now about these hyste- 
resis phenomena it was to be expected that any transition point, if 
it really existed, would only be found under favourable circumstances, 
or by a systematic elimination of the retardations mentioned above. 


8. Moreover it may be pointed out that BeNepiekKs and Arrr made 
the supposition “dass die betreffenden Metalle nicht geniigend rein 
waren” (viz. the zine. puriss. Merck, used by Brnepicks in his first 
investigations and by Le CrarerrER among others). We think that the 
opinion put forward by BeNepicks in his first paper (see above $ 3) ‘dass 
die Menge von Fremdkörpern zu vernachlassigen ist”, is the just one. 
As we were told by Messrs. Merck at Darmstadt their “Zine. puriss. 
Merck (garantiert frei von Eisen und Arsen in Staben)” contains only 
small traces of cadmium. We earried out an analysis of this material 


zei Whether this point really exists or not may be left open for the moment. 
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following the method described by Mytius’). In 100 gr. of this metal 
we could only detect small traces of cadmium (lead and iron). We 
think that the explanation of B. and A. which is based on the 
presence of large amounts of impurities falls to the ground. 


9. That it is not the presence of foreign substances which give 
rise to the strongly marked change of the mechanical properties of 
zine at higher temperatures (which fact has been the starting point 
of BerepiekKs’ investigations) is evident from the fact, that this change 
may also be observed in the purest zine (Zink “Kahlbaum”, comp. 
§ 5). We have been able to confirm this result repeatedly ourselves. 


10. Finally some remarks, made in a note by Benepicks and ArpI 
may be considered here. 

In the first place they believe, on account of an investigation con- 
cerning the quenching velocities of metals, carried out by BeNEpIcks *), 
that “eine besonders grosse Abkühlungsgeschwindigkeit nicht zu erzielen 
ist” when the method is followed which we used. (1 kilo of zine 
was chilled in a mixture of solid carbid dioxide and alcohol). It 
may be pointed out that the velocity we used has been greatly exag- 
gerated; we got the same results by using water or air of room tempe- 
rature. We also carried out some experiments with carbon dioxide 
and aleo hol in order to vary the external conditions of our experiments 
as much as possible. In our researches on the allotropy of copper 
and cadmium we also used water or air as a cooling medium. 


2) 


11. Secondly BeNrpicks and Arrr raise the question as to whether 
there has not taken place an “Auflockerung der Oberfläche” of our 
preparations when we washed them with dilute hydrochloric acid. 
By this operation a change of density might have occurred. 

They have however overlooked two facts: in the first place the 
recent investigations of Jonnston and Apams®), which prove that the 
density of any substance is independent of its state of division. 
Moreover they have not taken into account the results of our inves- 
tigations on cadmium‘), where the same difficulties would have 
occurred. The reproducibility and reversibility of the phenomena 
prove that the disturbances, mentioned by Benepicks and Arpt realty 
do not occur. 

We hope to report shortly on the real transition points of zinc. 

Utrecht, September 1914. van *T Horr-Laboratory. 
~ 1) Zeitschr. f. anorg. Chemie 9, 144 (1895); Mvyurus, ibid. 74, 407 (1912). 

2) Journ. of the Iron and Steel Institute 77, 153 (1908). 


5) Journ. Americ. Chem. Soc. 84, 563 (1912). 
t) Proceedings 16, 485 (1913). 
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Chemistry. — “The Allotropy of Antimony.” I. By Prof. Ernst 
ConeN and J. C. van pen Boscn. 


(Communicated in the meeting of September 26, 1914). 


1. The following modifications of this metal were known hitherto: 

a. The so called metallic antimony, a bluish-white solid with 
metallic lustre. It is very brittle at ordinary temperatures and is 
said to crystallize in the hexagonal system. Only this modification 
is found in nature. 

6. Black antimony. This form has been prepared by Stock and 
SIEBERT *) in three different ways, the best method being by rapid 
cooling of the vapour of ordinary metallic antimony. This black 
modification is converted by heating into metallic antimony. Its colour 
and density change slowly at 106°; at 400° the conversion occurs 
instantly. This form seems to be metastable at ordinary temperatures. 

c. Yellow antimony was first prepared by Stock and GuTTMANN ®) 
in the year 1904, by the interaction of antimony hydride (at —90°) 
with air, oxygen or chlorine. Even at — 50° this form is meta- 
stabie: it is converted by heating into the black modification. 

d. Explosive Antimony. Ernst COHEN, RINGER, STRENGERS, and 
Cotrins®) proved that the explosion which occurs when this body 
is pounded, pressed or scraped, is to be attributed to the transformation 
of an allotropic form called by them g-antimony, into the ordinary 
modification (metallic antimony; a-antimony). Hitherto no investigation 
of the connexion between these different forms has been carried out 
as it is very difficult to procure sufficiently large quantities of them. 

2. The investigations described below deal with the question 
whether the metal known hitherto as ‘metallic antimony” is to be 
considered at ordinary temperatures and pressures as a metastable 
system, as is the case with the metals we have already investigated. 
Our experiments will prove that this is really the case. 

3. A kilogram of antimony (KaHLBAuM — Berlin) which contained 
some hundredths of a percent of impurity, was melted and poured 
into a cylinder of asbestos paper, which was surrounded by a mixture 
of aleohol and solid carbon dioxide. The chilled metal so obtained 
was used in all experiments. 

4. It was powdered in a mortar. We determined its density at 
25°.0 using two pycnometers as described by JonNsToN and ADams‘), 


1) Ber. d. d. chem. Ges. 38, 3837 (1906). 

2) Ber. d. d. chem. Ges. 37, 885 (1904). 

8) Zeitschr. f. physik. Chemie 47, 1 (1904); 50, 292 (1904); 52, 129 (1903). 
4) Journ. Am. Chem. Soc. 34, 563 (1912). 
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The difference between any two of these determinations never exceeded 
three units in the third decimal place. 
Our thermometers had been compared with a standard of the 


Phys. Techn. Reichanstalt at Charlottenburg — Berlin. 
We used toluene as the liquid in the pycnometer; its density had 
25°.0 


0.8603. 


been determined in four experiments to be d rc 


Two different parts (A) and (£) of our material gave the values 
25°.0 6.6900 (A) and 
4° 6.6897 (E). 

5. The samples (A) and (#) were now heated separately during 4 >< 24 
hours in an aqueous solution of potassium chloride (10 gr. KCI on 
100 gr. of water), using a reflux condenser, the boiling point of the 
solution being 102°.5. 

The metal was then washed with dilute hydrochloric acid, water, 
alcohol and ether, and dried #2 vacuo over sulphuric acid. 

Its density was now 


25°.0 6.6744 (A) 

4° «6.6803 (EZ); 
Consequently the density has decreased by 18 units in the third 
decimal place. 

6. After having heated (A) and (£) for a second time (6 x 24 
hours) in the boiling solution, we found: 
25°.0 6.6784 ard 6.6765 (A) 
4° ___6.6789 and 6.6778 (E). 

The density had undergone no further change. 

7. The experiments described in $$ 4—6 show that the antimony 
after chilling is present in a form which changes at 100° with a 
measurable velocity. 

In order to investigate if there exists here a transition tempera- 
ture as in the case of the other metals which we have hitherto 
studied, we carried out some dilatometric measurements, using the 
electric thermostat which we described formerly. *) 

8. The material which was put into the dilatometer consisted of 
small pieces of the metal mixed up with fine powder and a part of 
the metal from the pyenometers. (500 grams). The paraffin oil used 
had been heated for some time at 200° in contact with finely divided 
antimony. There was no evolution of gasbubbles. 

9. At temperatures below 119° there occurred no change of the 
meniscus at the first heating (the bore of the capillary tube was 


1) Zeitschr. f, physik. Chemie 87, 409 (1914). 
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1 mm), not even when the heating was continued for 48 hours. 

On the contrary, the dilatometer having been kept at 15° during 
a month, the change was: 

At 101°.8 in 2 hours, + 74 mm.; ie. +37 mm. per hour 

STOOD <9 aie 7 a a 2 bon WAP iat eg 

TOD ar MD ke sy 8 ay: Se eee ae ae eee 

From these data one might conclude that there exists a transition 
point in the neighbourhood of 101° which is in perfect agreement 
with our density determinations (§ 4—6). 

10. Guided by the experience gained in the case of cadmium and 
copper *), we now carried out some experiments with antimony 
whose previous thermal history had been changed between wide limits. 

After having kept the dilatometer for 50 minutes at 150°, the 
meniscus fell during a certain time at the constant temperature of 
96°.0; after this it became stationary and then began to rise. From 
these observations one would. conclude that there is a transition 
point below 96°.0 and that, in consequence of the heating at 150°, 
the transition temperature had thus been lowered. This experiment 
proves, that at 96°.0 there are present at the same time more than 
two modifications. 

11. The dilatometer was now kept at 225° for 12 hours. After 
this there occurred at 94°.6 (at constant temperature) a marked fall 
in the oil level (569 mm. within 48 hours), while in the experiment 
described in § 10 there took piace a rise of the meniscus at the 
same temperature. 

12. The phenomena described above show that metallic antimony, 
such as we have known it hitherto, is also a metastable system 
which consists of more than two allotropie forms. 

We hope shortly to report on the modifications which play a 
role here. 

Utrecht, April 1914. VAN ‘mr Horr-Laboratory. 


Chemistry. — “The Coloration of some derivatives of Picrylme- 
thylamide with alkalies’. By Prof. A. P. N. Francuimont and 
H. J. BACKER. 
(Communicated in the meeting of September 26, 1914), 

In a previous communication (Rec. trav. chim. 1913, 82, 325 ; Abstr. 
Chem. Soc. 1914, ii, 84) we described the spectrographic investigation 
of the coloration which picrylalkylnitramines undergo by alkalies. It 
was shown, that the absorption spectrum of picrylmethyInitramine 
C,H, (NO), N Me (NO) after addition of alkali gets a certain ana- 


1) Proceedings 17, 54, 60 (1914). 


43 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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logy with that of picrylmethylamide C,H, (NO,), NHMe, and that the 
latter spectrum is not much changed by alkali. 

We then concluded, that the coloration of picrylalkylnitramines 
with alkalies had a similar cause as the colour of nitranilines (vd. 
Francumont, Ree. trav. chim. 1910, 29, 298, 313), which is ascribed 
by HANTZSCH (Ber. 1910, 48, 1669) to an action between the nitro 
and amino groups attached to the benzene nucleus. The coloration 
of the nitramines would thus be produced by nitro groups of the 
nucleus reacting with the base, the nitro group attached to nitrogen 
playing only a secondary part. 

In order to test this hypothesis, we have now examined several 
derivatives of picrylmethylamide, compounds of the formula Picr. 
N Me X'). For X we have chosen the nitroso group, the organic 
acyl groups COCH,, CO,Me, CO,,Et and finally the phenyl group 
as example of a negative group being no acylgroup. The compounds 
investigated were thus picrylmethylnitrosamine Pier. NMe(NO), pieryl- 
methylacetamide Pier. NMe(COCH,), methylpicrylmethylaminoformiate 
Pier. N Me (CO,Me) and the ethylester Pier. NMe (CO, Et), and pieryl- 
phenylmethylamide Picr. NMe Ph. 


In the first place it sbould be observed that, like the nitrogroup, 
also the acyl groups NO, COCH,, CO,Me, CO,Et strongly diminish 
the „colour of the picrylmethylamide. Compared with this deeply 
yellow coloured amide, the nitramine, nitrosamine, acetyl derivative 
and both the urethanes are only palish yellow. 

These differences are clearly shown by the absorption curves. 


if 
Both the absorption bands of picrylmethylamide at = 2990 and 2875 


(see curve 15) disappear wholly; the acyl derivatives give for the 
concentrations examined, only a continuous absorption in the ultra- 
violet (curves 3, 5, 8, 10), just as it was found for the nitramine 
(Rec. trav. chim. 1913, 32, 332). 

It must be admitted, that the presence of acyl groups in the 
aminogroup of picrylmethylamide so strongly diminishes the basic 
properties of this group, that it loses the power to act with a nitro- 
group, and thus to produce colour. 

If this hypothesis is correct, it must be possible to prevent this 
reaction also by addition of a strong acid combining with the 
amine group. 

Indeed, picrylmethylamide dissolves perfectly colourless in strong 


1) In this paper Pier. means the group 2, 4, 6-trinitrophenyl. 
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sulphuric acid. The absorption bands disappear wholly from the spec- 
trum, and only a modest continuous absorption in the ultraviolet remains 
(compare curves 14 and 15). For a concentration of 0.0002 gram- 
molecules per litre and an absorbing layer of 100 m.m. the beginning 


1 
of the absorption is repelled by the sulphuric acid from 57 2150 to 


3400. This decoloration of picrylmethylamide by sulphuric acid is 
just the reverse of the coloration of the nitramine with alkali. In 
the first case the nitro groups of the nucleus are deprived of the 
opportunity to combine with a basic group, in the latter ease this 
opportunity is on the contrary given. 


The reaction with alkalies seems to be the same for the acylderi- 
vatives now investigated as for the picrylalkylnitramines, the only 
difference being that they want a little more alkali for the red 
coloration. Formerly we found (Ree. trav. chim. 1913, 82, 332), 
that a solution of pierylmethylnitramine containing an excess of 


1 
alkali gives two bands at 1975 and 2350. At nearly the same 


places two bands are shown by the alkaline solutions of the acetyl 
derivative (curve 6) and the urethanes (9 and 11), though one of 
the bands is only represented by a flat part of the absorption curve. 

The anomalous curve given by the nitrosamine with alkali (4) 
will be diseussed separately. 

Pierylphenylmethylamide, the last derivative of en 
we examined, exists in two forms of the same dark red colour but 
of different melting points, 108 and 129°. Hanrzscn (Ber. 1910, 98, 
1651) calls the two forms homochromo isomerides, whilst BurMANN 
(Ber. 1911, 44, 827) regards them as polymorphous forms. 

As Hanrzscu has already observed, the spectra of the two forms 
are completely equal (curve 12). It was now found, that the « and 8 
forms in presence of alkalies also behave in the same way (curve 13), 
so that the two forms when dissolved seem to be wholly identical. 
The broad absorption band of the amide at 2350 becomes by addition 
of alkali a little deeper and is somewhat displaced to larger wave- 
lengths. At the same time it undergoes a division into a flat part at 
2070 and. a feeble band at 2400. This agrees with the behaviour 
of the other compounds with bases. 

Finally we have examined the coloration of 1,3,5-trinitrobenzene 
with alkali, since here only the nitrogroups of the nucleus can act 
with the base. 

Whilst trinitrobenzene only absorbs continuously (curve 1), addition 

43% 
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of alkali produces a broad band from 2040 to 2300 (curve 2). Its 
centre is at about the same place as the centre of the two bands, 
which show the pierylmethylamide derivates in presence of alkalies. 


In the previous publication (le) we mentioned a remarkable 
decomposition of the alkaline solution of pierylmethylnitramine. After 
a day it gave the spectrum of potassium picrate, being hydrolysed in 
this way: Pier. N Me NO, — Picr. OH + Me NH NO, 

An analogous decomposition takes place, though more slowly, with 
the acetyl derivative and the two urethanes. In a few days the spec- 
trum of their alkaline solutions is perfectly the same as that shown 
by potassium picrate (curve 7). 

With picrylmethylnitrosamine this decomposition proceeds very 
quiekly, mueh more rapidly than with the nitramine. During the few 
minutes required for the spectrographic examination its alkaline 
solution is already partly decomposed. 

The anomalous absorption curve (4) is apparantly due to a super- 
position of the spectrum of the potassium compound of the nitro- 
samine with that of potassium picrate. From the three bands shown 


1 
by this curve at 7 2000, 2400 and 2900 the latter is undoubtedly 


caused by the presence of potassium picrate, which gives a band at 
about 2880. In the spectrum of the potassium compound of the nitro- 
samine there may be expected two bands at about 2000 and 2350, 
in analogy to the observations made with the other derivatives of 
pierylmethylamide. The former band is indeed present, whilst the 
second band, likely with assistance of the flat band shown by 
potassium picrate at 2500, is transferred to 2400. Two hours after its 
preparation, the alkaline solution of the nitrosamine was again 
examined; it then showed the pure spectrum of potassium picrate 
(curve 7). 


The results of this investigation may be expressed as follows. 

The coloration of picrylmethylnitramine by alkali has the same 
cause as the coloration of other derivatives of picrylmethylamide by 
this reagent. 

For the nitramine, the acetyl-, carboxymethyl- and carboxyethyl- 
derivatives, which altogether only have continuous absorption for 
ultraviolet rays, show two bands at about 2000 and 2350 after addition 
of alkali. Pierylphenylmethylamide has already of itself an absorption 
band, which, however, by alkali is divided into two parts at 2070 
and 2400, 
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Logarithms of the thickness of the layers in mm. of 0.0002 normal solutions. 
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ig. I, 1. 1,3,5-Trinitrobenzene. 2. id. + KOH. 3. Picrylmethylnitrosamine. 4. id. 
+ KOH. 5. Picrylmethylacetamide. 6. id. + KOH. 7. Picric acid + KOH, 
8. Methyl picrylmethylaminoformiate. 9. id. + KOH. 10. Ethyl picryl- 
methylaminoformiate. 11. id. + KOH. 
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Logarithms of the thickness of the layers in mm. of 0.0002 normal solutions. 


16 18 2000 ° 22 24 „26 28 3000) 182 34 36 38 4000 a 
Reciprocal wavelengths. 


Fig. Il. 12. Pierylphenyimethylamide (a & 9). 13. id. + KOH. 14. Picrylmethyl- 
amide in sulphuric acid. 15. Picrylmethylamide, 
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The nitrogroup attached to the nitrogen atom of the nitramine 
is evidently not essential for the reaction. 

Further, the spectrum of trinitrobenzene with alkali, though much 
differing from that of the other alkaline solutions, has yet its absorption 


1 
in about the same part (+ 1800-2500 ). 


We may thus conclude, that in all these cases the coloration is 
produced by a reaction of the base with one or more nitrogroups 
of the nucleus. 

Finally it bas been shown, that the presence of a strong awid, as 
well as the introduction of acyl radicals, completely expels the absorp- 
tion bands of picrylmethylamide. 


Chemistry. — ‘a-Sulpho-propionic acid and its resolution into 
optically active isomerides’. By Prof. A. P. N. FRANCHIMONT 
and Dr. H. J. Backer. 


(Communicated in the meeting of September 26, 1914). 


Already in 1902 a great number of diverse chemical and bioche- 
mical methods were tried by the first of us to separate the a-sul- 
phopropionic acid CH,(SO,H)CHCO,H prepared by him’) from pro- 
pionie anhydride and sulphuric acid, into the two optical isomerides 
that one might expect according to theory. Not a single one, however, 
had given the desired result, although sometimes strychnine 
salts with a different rotating power were obtained, but after their 
conversion into ammonium salts these always appeared to be inactive. 

As Swarts *) had stated that he certainly had obtained from 
fluorochlorobromoacetie acid strychnine salts with varying rotating 
power, but had not succeeded in isolating the optically active acids, 
and as also Poncuer *), who tried to effect a separation of bromo- 
chloromethanesulphonie acid by means of cinchonine, only obtained 
rotating ammonium and barium salts, but no acids, it appeared as 
if with such simple acids the tendency to form racemic mixtures 
or compounds was very great and likewise the velocity of conver- 
sion. This was provisionally also assumed in the case of «-sulpho- 
propionic acid (methylsulphoacetic acid) and the experiments were 
discontinued in consequence. 

Still with lactic acid (methyloxyacetic acid) Purpir and WALKER *) 

B Keerde Ees ely ay Fibs. de ps ol (lego) 

2) Bull. Ac. Belg. (3) 31. p. 25 (1896). 

3) Bull. Soc. ch. (3) 27. p. 438 (1903). 

4) J. ch. Soc. 61. p. 754 (1892). 
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and with a-bromopropionic acid (methylbromoacetic acid) RAMBrre *) 
had obtained decided results, but on the other hand, Pope and Reap *) 
did not succeed in resolving the chlorosulphoacetic acid. The 
question now arose whether perhaps the sulphogroup created the 
difficulty, i.e. causes the rapid racemisation. This became less 
probable after Pops and Reap *) had succeeded in splitting the 
chloroiodomethanesulphonie acid and had found that the optically 
active acids thus obtained were not so readily transformed into the 
racemic mixture. Hence, the investigation of sulphopropionie acid 
was at once again taken in hand. 

Both chlorosulphoacetic acid and methylsulphoacetic acid (a-sulpho- 
propionic acid) are dibasic and thus can form acid salts. Moreover, 
the two groups that cause the acid reaction, have a different com- 
position, the one being a carboxyl- and the other a sulphoxyl-group, 
and of different strength, so that as the sulphoxyl is stronger acid, 
salts will presumably contain the carboxyl-group in the free and the 
sulphoxyl-group in the combined state. 

Whereas, previously, chiefly the neutral and mixed metallic salts 
and the neutral strychnine salt had been experimented with, the 
acid strychnine salt was now employed and the desired result was 
obtained at once. . 

a-Sulphopropionie acid itself was hitherto only known as a viscous 
syrup, whilst sulphoacetic acid had been obtained in crystals; 
therefore we have tried also to obtain «-sulphopropionie acid in a 
crystallized condition. 

A dilute solution of the acid prepared by decomposition of the 
barium salt with the theoretical quantity of sulphuric acid was 
concentrated by partial freezing and draining by suction. The strong 
solution was placed in vacuo first over sulphuric acid and then 
over P,O,. The viscous residue was kept for a day in an ice safe 
at about 0°, when gradually large crystals were formed. The acid 
thus obtained contains one mol. of water and is exceedingly hygro- 
scopic. In order to determine its melting point a little apparatus 
was constructed, consisting of two tubes communicating with a 
transverse tube, one of which contained P,O, and the other the 
a-sulphopropionic acid. After the apparatus had been evacuated and 
sealed, it was allowed to stand for a few days. The m.p. of the 
a-sulphopropionie acid was then found to be 100°.5, therefore, higher 
than that of sulphoacetie acid, which is stated to be 84°—86°. 

1) Ber. d. D ch. G. 33. p. 3354 (1900). 
2) J. ch. Soc. 93. p. 795 (1908). 
5) J. ch. Soc. 105. p. 811 (1914). 
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An acid strychnine salt was obtained by evaporating an aqueous 
solution of the acid with the equimolecular quantity of strychnine 
on a steam-bath until crystallisation set in. The large crystals that 
had separated were purified by repeated crystallisation from water ; 
their composition then was C,H,O,S + C,,H,,0,N, + H,O. They, 
however, proved to be not the acid strychnine salt of the inactive 
(racemic) c~ ulphopropionic acid, but of the dextrorotatory acid. On 
heating, they are decomposed at about 250° with evolution of gas 
and formation of a brown liquid. 

As in the case of all other compounds described here, the rotating 
power was determined in aqueous solution with sodium light at 20°. 
By concentration ec is meant the number of grams of anhydrous 
active substance per 100 ec. solution. The specific rotation [a] is 
likewise calculated on the anhydrous substance. The molecular 
rotation has, of course, the same value for the anhydrous and the 
hydrated crystalline substance. 


For the acid strychnine salt was found at c = 1.938, 
Le] — — 14°.6 and LM — — 71°.4. 


By way of comparing, strychnine hydrochloride was also investiga- 
ted and at c=1.297 was found: [a] = — 30°.2 and | | =-— 112°’). 

The acid strychnine salt of e-sulphopropionie acid investigated is, 
therefore, presumably that of the dextrorotatory acid. 

In order to obtain this acid, the acid strychnine salt was first 
decomposed with the theoretical quantity of barium hydroxide ’). 
After complete separation of the strychnine by extracting the drained 
off liquid with chloroform, the neutral barium salt was precipitated 
by addition of alcohol. This salt is /aevorotatory. 

For c=1.764 was found [«]= —4°.96 and [|M ]=—14°4. 

From this salt the active a-sulphopropionie acid was liberated by 


1) This value agrees fairly well with the constant [M]—W— 114° found by Pope 
and Reap for a somewhat different concentration. J. Chem. Soc. 105, p. 820 (1914). 


2) The acid strychnine z-sulphopropionate can be titrated with baryta water and 
a suitable indicator such as methyl-red which is sensitive to feeble bases. It may 
also be titrated with litmus to violet-blue. If however, phenolphthalein is used which 
is but little sensitive to weak bases such as strychnine, the colour does not appear 
until also the second acid group combined to the strychnine has been neutralised 
by the inorganic base. As the change in colour is fairly sharp, both with methyl- 
red and phenolphthalein, the titration forms an interesting application of the 
theory of indicators. Still more remarkable becomes the experiment, when 
both indicators are used simultaneously. The methyl-red passes into yellow after 
addition of a semi-molecule of barium hydroxide, the phenolphthalein then being 
still colourless; so soon, however, one mol. bas been added, the violet colour of the 
phenolplithalein salt appears, unaffected by the pale yellow colour of the methyl-red, 
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the theoretical quantity of sulphurie acid and its rotatory power 
was then determined. : 

For c=0.645 was found [¢]=-+ 31°.6 and [M ]= + 48°.7. 

In another preparation was found for c=1.85, [a]= + 32°.0 
and [|= + 49°.2. 

Therefore, it is the dertrorotatory acid, whose neutral barium salt 
is laevorotatory. 

It was now tried to obtain also this dextrorotatory acid in the 
solid condition. The solution was, therefore, concentrated in vacuo 
first over sulphuric acid and then over P,O,. The viscous mass did 
not crystallize on cooling, but did so slowly after a trace of the racemic 
compound had been introduced. The crystals are exceedingly 
hygroscopic, melt between 81° and 82° and contain one mol. of water. 

As the neutral barium salt of the dextro a-sulphopropionic acid 
rotates in the opposite direction of the free acid, it became of 
importance to investigate also the acid salt. For this was found 
ate — 0.7 ie 

[a] = + 18°.0 and [M]= + 79°.8 or = 2 Xx 39°.9’). 

The acid potassium salt gave at c= 0.516 the valnes: 

[a] = + 23°.8. [M] = + 45°.7. 

The acid metallic salts of dexvtro a-sulphopropionic acid are, there- 
fore, dextrorotatory like the acid itself. The racemisation of deztro 
a-sulphopropionic acid and its salts was also tried. 

The aqueous solution, at c— 0.645, when heated for six hours 
at 100’, suffered no appreciable racemisation, the rotation remaining 
unchanged. 

A solution of the barium salt at c=1.28 after being heated for 
eight hours at 150° was racemised to the extent of 80°/,. 

A solution of the potassium salt at ¢ = 0.64, which also contained 
2°/, of free potassium hydroxide, was completely racemised after being 
heated for eight hours at 180°. An excess of free base thus seems to 
accelerate the racemisation *), although also the temperature, the 


1) As the molecule of the acid barium salt contains two groups of the sulpho- 
propionic acid, it may for the sake of comparison with the other rotations be 
written more conveniently [Jf] = 2 X 39°.9. 

2) This would agree with the rule given by Rorue Ber. d. D. ch. G. 46. p. 845, 
(1914), that active carboxylic acids, the z-carbon atom of which is asymmetric and 
carries a hydrogen atom, are readily racemised under the influence of alkalies. He 
tries to explain this by assuming that, owing to the base, enol formation takes 
place in the molecule, thus causing the asymmetric carbon atom to disappear 
temporarily. : 
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concentration and the duration of the reaction may exert an 
influence. 

In the motherliquor, from which the acid strychnine salt of the 
dextro-acid had deposited, there should still be present that of the 
laevo-acid, this being more soluble. On addition of acetone a preci- 
pitate was obtained which could be recrystallized from absolute 
aleohol. Of course, it still contains a trifle of the less soluble salt 
of the antipode, but yet in one of the preparations it was obtained 
in a fairly pure condition. 

For the rotating power at c= 1.658 was found [a] =W— 27°.7 - 
and (M]—=—135°. The concentration does not seem to exert a 
great influence on the specific rotation, for, at c=8.424 was found 
[a] = — 27°.4 and [I] = — 134°. 

From this acid strychnine salt of the /-acid the neutral ammonium 
salt was prepared. This gave for c=3.113 the values [a] =+7°.9 
and [M]=—-+14°.8. The neutral ammonium salt of the acid is 
therefore, dextrorotatory. 

If to a solution of the ammonium salt is slowly added dilute 
sulphuric acid, the dextrorotation diminishes, becomes zero and then 
changes to a laevorotation, which finally remains constant, as soon as 
all the organic acid has been liberated. The rotation for the acid, 
at c= 2.449, amounted to [a] = — 29°.8 and [M] = — 45°.8. 

Although we have not prepared the /-¢-sulphopropionic acid in a pure 
and solid condition, it appears from the experiments in quite a 


d-acid l-acid 
Lp | [Mp lp [Mp 
z-sulphopropionic acid C;H;0;S | + 32° | ae 49.2 | — 29.8 | — 45.8 
acid potassium salt C3H50;SK +- 23.8 | + 45.7 
acid -bariutn: Sal ACHLGEN Bas | sels0A se E08 | 
acid strychnine salt 41 = 2x39.9 
EHOSCHHLON | 16. | tte be lp 
neutral ammonium salt | | 
C4H4OsS(NH.), | TdS 
neutral barium salt C3H4;O;SBa, — 4.96 ates 14.4 
| 
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satisfactory manner that a resolution has been effected of the racemic 
a-sulphopropionic acid. 

The specifie and molecular rotations of the compounds investigated 
are united in the subjoined table. It should, bowever, be remarked 
that the values of the /acid and its derivatives are less trustworthy 
because the acid has not been quite pure. 

It deserves notice that the molecular rotation of the a-sulphopropionic 
acid (49°.2) is certainly somewhat stronger than that of the a-bromo- 
propionic acid ') (44°.4) although the bromine atom (80) differs but little 
in weight from the sulpho-group (81); still this may perhaps support 
the view that the weight of the group influences the rotatory power. 
If for instance, we compare with the rotation of a-ethylpropionic 
acid?) (18°.2) we notice that both the rotation and the weight 
of the group (29) are less. 

More interesting seems the fact that the rotation of the neutral 
metallic salts is much less than, and of an opposite sign to that of the 
acid metallic salts and the acids themselves, particularly in connexion 
with what has been stated at the commencement, namely that it 
concerns here a dibasic acid with two groups of different ionisibility 
which cause the acid functions. 

Although the phenomenon that salts of optically active acids 
possess a rotatory power contrary to that of the acids themselves 
was observed previously, for instance with lactic and glyceric 
acids, the example now found seems a more simple one, because 
there are not present any groups that can react on each other, and 
because it may be called highly improbable that in the circumstances 
stated the carboxyl- and the sulphoxyl-group should react on each 
other. Consequently, the rotation will, probably, be less dependent 
on concentration, temperature, age of solution ete. 

In conclusion, it may be remarked that the laevorotation of the 
acid strychnine salt of the d-a-sulphopropionic acid as compared 
with that of strychnine hydrochloride, amounts to about as much 
Jess as the dextrorotation of the acid metallic salts. 

*) Rampera. Liebig’s Ann. 370. p. 234 (1909) gives [z] = 29°.0, whence [I] = 44°.4. 


2) Scnürz & Marckwa.p. Ber. d. D. ch. G. 29. p. 59 (1896) [az] = 179.85, 
hence [M |= 18.2. 
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Physics. - - “A new electrometer, specially arranged for radio-active 
investigations”. Part I. By Miss H. J. Former. (Communicated 
by Prof. H. Haca). 


(Communicated in the meeting of May 30, 1914). 


Introduction. 

In trying to find an accurate method for measurements of the 
natural ionisation of air in closed vessels, radio-active radiation of 
the elements, etc., researches in which very small ionisation currents 
are to be measured, it seemed to me that the need is felt of an 
electrometer, which, besides possessing a great sensibility of charge, 
will also be able to measure very minute currents with accuracy. 

As to the mentioned conditions, the Jatter is fulfilled by C. T. R. 
Witson’s electroscope (the gold-leaf type), which owes this favour- 
able quality to the very simplicity of the system; this namely renders 
it possible to bring about the ionisation which is to be measured, in 
the air contained in the apparatus itself, to avoid connecting wires, 
together with electrostatic and other influences, the disturbance 
caused by insulators being confined to that of a single one. In my 
opinion this is the reason that this electroscope is generally preferred 
for various measurements requiring great accuracy to say a sensitive 
DoLEZALEK electrometer, which lacks these advantages, notwithstand- 
ing the fact of a much greater sensibility of charge of the latter ; 
in consequence of this sudden changes in the natural ionisation of 
air in closed vessels, for instance, the existence of which is accepted 
by many investigators, cannot manifest themselves clearly when the 
electroscope is used; moreover measurements of small currents will 
take much time. 

This has led me to construct an electrometer, the principle and the 
method of working of which I shall discuss in what follows, and 
which in my opinion can supply the mentioned need. It appeared 
from the results obtained, that with this apparatus currents can be 
measured both very accurately and very sensitively; accordingly 
it seems to me, that for these reasons the apparatus may be very 
suitable for various radioactive researches requiring the above 
mentioned qualities, as was also corroborated by experience. 


Description of the principle of the apparatus. 
In the figure a schematic representation of the arrangement is given’); 
the apparatus consists of : 


1) An accurate description of the apparatus will follow in a 2nd communication. 
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two separate spaces, viz. the 
measuring space c: a flat brass 
cylinder, and the ionisation space 
jf: a brass cylinder of volume 
1 litre; the two cylinders are 
insulated from each other by 
ebonite. 

In the measuring space is the 
metal needle 5, supported in the 
middle by a second metal needle 
d, insulated by amber; 6 + d 
together form the conductor, which 
is charged by the ionisation current. 

In ¢ is also found the very thin 
aluminium strip a, which a few 
mm. above 6 is fastened to a thin 
metal rod with mirror, suspended 
on a Wollaston wire, which is 
fastened to a torsion head insulated 
by means of ebonite. 

Through a perforation in the amber and in the ebonite a rod / 
can be brought in contact with the needle d. 

In this way a, 6 + d, ¢, and f, can therefore be separately brought 
in a conductive connection with a storage battery or with earth; 
c rests on a bottom plate, to which legs are fastened which support 
the apparatus. 

The charging of the apparatus before use. 

In what follows we shall examine from the course of the lines of 
force, what state arises in tbe space c, and how this takes place, 
when the system is charged: the lower cylinder f is of no 
account as regards this, as it does not belong to the measuring 
system proper. 

The method of charging is founded on this that the two needles 
a and b, which with untwisted position of a form an angle, let us 
say of 30°, will séz// have this position with respect to each other, 
when the system is in the charged state, in which latter case, however, 
lines of force run between the different conductors. 

We begin to charge a to a constant potential, e.g. to, + 20 
volts, keeping 6 and c still at potential O volt. If for the sake of 
simplicity we first imagine the state as it would be without the 
presence of 6, the course of the lines of force would be as follows: 
lines of force would start from a, and end upon the bottom, the walls, 
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and the lid of c; in consequence, however, of the unegual distance 
from a to those different parts of c, the potential gradient per unit 
of length or the electric force, as also the density of the lines of 
force, or the value of the tensions directed along the lines of 
force in the space round a would be of very unequal value; how 
great, however, the variation in different directions might be, yet 
there would be complete symmetry in the course of the lines of 
force with respect to the vertical plane in which the needle itself 
is situated. The presence of >, however, disturbs this symmetry in 
the following way : | 

1. The lines of force starting from a in the direction of 5 will 
no longer end on c, but on 4; besides, on account of their diminished 
length, therefore on account of the increased electric force, they 
become there denser than before. 

2. There will be inflection of lines of force ; some lines of force, 
viz. those which, when not subjected to the influence of 6, would 
run beside 6 from a to ce, will pass into lines of force from a to 5 
under the influence of 0. 

This disturbance caused by 6 will give rise to the formation of a 
resulting electrostatic couple, acting on those halves of the side faces 
of a, which are directed to the side of the acute angle between a 
and 6, so that consequently « is deflected to the side of 5, and the 
angle between a and 5 will become such that the formed torsion 
couple of the suspension wire will be in equilibrium with the 
electrostatic directive couple. 

In order to make « return to the untwisted position, c is charged 
to a negative potential, which brings about the desired change; for 

1. then the density of the lines of force between « and c will 
increase, which causes a slighter variation of lines of force on those 
halves of the sides of « which are directed to the side of the acute 
angle between a and 5; 

2. some lines of force between a and 5 will deflect and become 
lines of force between a and c. 

In case of a sufficient negative potential of c the above mentioned 
electrostatic resulting couple will be annihilated through this change. 
The course of the lines of force has now become more symmetrical 
(of course not quite), while a returns to the untwisted position. 

In this way e.g. a state of charge is realized for a=- 20 V., 
hs NG Ga OV. 

For the sake of simplicity a whole number was taken for the 
potential of c, the consequence of which is, that in the final state 
the needle is only approximately in the untwisted position. 
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Measuring method of tonisation currents. 

A quantity of radio-active substance is placed on the bottom of 
the ionisation cylinder f; the system is charged to the state : + 20 V., 
0 V., —3 V.; fis then brought to a potential value, dependent on 
the strength of current to be measured. While a, c‚ and f maintain 
their potential values, b is insulated by breaking the contact with J; 
the ions formed, let us say the positive ones, will then charge 6 to 
a constantly increasing potential, with the consequence that the 
number of lines of force between a and #4 will decrease, and a 
couple will be formed, which will cause the needles to slowly recede 
from each other, and that the quicker as the current is the stronger 
(to return later on to particulars of the motion). 


Consideration. 

It will be seen from the arrangement of the electrometer, how the 
before mentioned advantages of the Witson-electroscope are realized in 
it; in the space f namely the ionisation current is directly carried to 
the needle 5 + d, this needle being perfectly insulated by a single 
piece of amber. The separation of ionisation space and measuring 
space has, moreover, this advantage that the measuring system is 
not contaminated with radio-active impurities, while the ionisation 
space and the rod d, which can be removed, as regards the part 
that lies in f, can be easily cleaned. 

As to the measuring system proper, the principle. of it differs from 
that of the quadrant electrometer; it has been thus chosen on purpose 
that the lines of force formed by the ionisation current contribute 
as much as possible and as favourably as possible to the movement 
of the needle a. 

This is not the case in the quadrant electrometer; there namely 
the movement is caused by the lines of force which run between 
the quadrants and the rims of the. needle, whereas the vertical lines 
of force between needle and quadrants do not contribute anything to 
the moving couple. 

In my opinion it would not be possible to modify the quadrant 
electrometer in such a way that, while maintaining the principle of 
the quadrants, many lines of force are not retained at the same time 
which in a measurement either give no movement, or will even 
counteract the movement. The latter might be possible, if the flat 
needle should be replaced by a horizontal wire, in which way a 
large horizontal surface is, indeed, avoided, but on the other hand 
the formed lines of force would act on the two sides of the needle, 
when the latter is rotated. The advantage of the described apparatus 
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lies in this that the lines of foree between a and 5, which are 
subjected to a change on ionisation, will mostly arise on one side 
of the vertical strip. This removes the last mentioned drawback, a 
large injurious horizontal surface also being avoided. I think that 
with this apparatus I have obtained a sensibility of charge, greater 
than is possible with a DorrzaLwk-electrometer, the same thickness 
of wire given. 


The realization of a greater sensibility of charge. 

The sensibility of the apparatus appeared to be capable of great 
variation, the suspension wire being left unaltered, and that by 
varying the state, of charge, whereas, for the rest, the method of 
charging and measuring remains the same. To make tbe system 
more sensitive, a is not charged to + 20 V, but say to + 32 V, 
after which a negative potential value is imparted to c such that a 
has turned back to an almost untwisted position. The potential of 
c will also be more strongly negative, of course, for this state than 
for the state (+ 20.0, —3) V; the state of charge will then become 

(+ 32,0, —6) V. 

In order to understand what causes this modification of charge to 
bring about greater sensibility of charge, we must examine in the 
apparatus 1. the variation of the potential sensibility. 2. the variation 
of the value of the capacity; for these two factors together determine 
the sensibility of charge. 

1. The former is to be found from the curves I, in which examples 
of some states of charge are given; to investigate the potential 
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sensibility b was increased every time by 2 Volts in potential 
for every state separately. The state, as indicated over every 
curve, always represents the initial state. All the measurements 
following here were made with a provisional apparatus; the suspen- 
sion consisted of a WorzrastToN wire 7u thick, and 97 mm. long. 
(Scale distance 1.5 m.). 

From these curves appears the greater potential sensibility of 
the system for greater potential difference between a and 5; for the 
state (+ 32.0, —6) V e.g. a displacement of almost 700 mm. was 
found for 2 V potential increase of b; for (+8.0, —2) V it amounted 
to +500 mm. for 20 Volts. The state (+32.0,—6) V does not 
represent the most sensitive state that could be obtained. 

I think the cause of this greater potential sensibility is the 
following : 

When a recedes from 5 in consequence of a potential increase 
of 4, which is brought about by increase of charge of b, the negative 
induced charge on 6 will diminish in consequence of this motion, 
or rather the potential value of 5 will be diminished; for a positively 
charged body (a) recedes from 6. The greater the potential difference 
is between a and 6, the greater will be the potential diminution in 
question for a definite angle; m other words the potential diminution 
of 6 required for a receding of a over a definite angle will be the 
less, i. e. the potential sensibility will be the greater. Besides the 
said change of the induced charge at the same time increases the 
angular displacement, which is another reason for greater potential 
sensibility. 

2. It follows from the foregoing, that greater potential sensibility. 
obtained in this way, must be attended by an increasing capacity ; 
for when through a definite addition of charge to b in a state with 
greater potential difference between a and ha slighter potential 
increase will set in in consequence of the motion of a, this will imply 
a greater capacity of b. Capacity measurements (method Harms, 
Phys. Zs. 1904) give the same result; the capacity in the state 
(+ 8,0—2) V amounted namely to 5,2 e.s. units; that in the state 
(+ 20,0—3) V 6,0 e.s. units. Both values are the mean from a great 
many determinations. 

What is the reason why, in spite of this increase of capacity, the 
increase of potential sensibility more than counterbalances it, will 
appear from the application of the following consideration of the 
capacity. 

Though for an electrometer the sensibility of charge is in direct 
ratio to the potential sensibility, and at the same time in inverse ratio 
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io the value of the capacity, it does by no means follow from this 
that the sensibility of charge will be greatest for a capacity as small as 
possible, and a potential sensibility as great as possible; for the latter 
quantities are not independent of each other, as appears clearly among 
others in what was said under 2. therefore I cannot entirely concur 
with LABorpw’s statement, in his: “Methodes de mesure, employées 
en radioactivité, page 66”, where he says: “lappareil le plus sensible 
aura une grande sensibilité aux Volts et une faible eapacité”; in 
this statement the above mentioned relation is namely not taken 
into account. 

Thus in consequence of the existing mutual dependence of capacity 


and potential sensibility it will be possible — and it will be shown 
here that this really applies to tbe discussed electrometer — that 


it will be favourable for the sensibility of charge, to take the capacity 
not as slight as possible, when namely an accompanying increasing 
potential sensibility more than compensates the disadvantage of 
this procedure. 

That this case presents itself in the described apparatus may be 
shown by first examining of what the capacity of the apparatus, i.e. 
of the needle 6+-d really consists. This capacity consists of : capacity 
of the part 6, which refers to arising or vanishing lines of force 
leading to a or c, and capacity of d. 

Now 1 would distinguish in this capacity between: 

a. useful capacity, by which I mean capacity which has an influence 
on the motion of a: 

b. injurious capacity which lacks this influence, and which is really 
a disadvantage here, because it binds charge of the ionisation 
current without making it demonstrable. Of the above mentioned 
capacity only that corresponding to the lines of force between a and 5 
is certainly almost entirely useful capacity (see below); the rest is 
injurious. 

And in this lies the cause why the state with greater potential 
difference between a and 6, though attended with greater capacity, 
can yet mean greater sensibility of charge; for this increase of capacity 
concerns here the capacity of b with respect to a; this is increased, 
(according to 2) hence the useful capacity of 6 is increased; the 
greater now the ratio of useful to injurious capacity is, the greater 
the sensibility of charge. 

For the rest, as regards the value of the injurious capacity in the 
apparatus, the following remarks may be made: 

1. The injurious capacity of d with respect to f will not be of 
great influence, since the distance to f is great. 

JJ 
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5. So far the lines of force starting from the lower rum of a, ot 
from the back of a, ending on b, were not taken into account; 
they represent injurious capacity. This influence will make itself 
slightly felt in the middle of the needle, but will have little effect 
there on the motion. 

3. It is difficult to say anything definite about the value of the 
injurious capacity of b with respect to c. 

At any rate it will also appear from what follows, how for very 
sensitive states the total influence of the injurious capacity may 
almost be disregarded. 

In the case of the quadrant-electrometer, on the other hand, the 
injurious capacity is that of large surfaces with respect to a metal 
needle lying close by. 

Before confirming what has been said above about this increased 
sensibility of charge for greater potential differences between a and 
b by the communication of some experimental results, a few par- 
ticulars may be added abont the mode of motion of the needle 
during the current measurement. 

Mode of motion of the needle during the current measurement : 

When the needle 5 is charged starting from potential 0 V by 
means of an ionisation current, when therefore the potential 
difference between a and 5 decreases, a will begin to move away 
from 6; consequently a motion of the scale division under the 
crosswire will take place through the reflection of the mirror, which, 
however, will not be uniform. For the different positions occupied 
by a both the potential sensibility and the value of the capacity of 
6 will be different ; for the smaller the angle with 6, the greater is 
the potential sensibility, as well as the capacity. 

The causes are the following: 1. With a smaller angle the distance 
between a and 5 is smaller and therefore the diminution of the 
induced charge for a definite change of angle greater. 

2) With a smaller angle the potential difference itself is also 
greater, and this again causes a greater decrease of induced charge 
for a definite angle. 

For both reasons greater potential sensibility, but at the same 
time greater capacity is to be expected at a smaller angle, but here 
too for the same reason as for conditions of charge with greater 
potential difference between a and 5, the result will be a greater 
sensibility of charge 

In agreement with this the curves 1 show, how for every state of 
charge the potential sensibility decreases with greater angle between 
a and 5. 
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Capacity determinations gave the further result that the capacity 
amounted to 5.75 e.s. units for the state (+ 20,0—3) measured from 
an angular displacement (recession), corresponding to 550 mm. scale 
displacement, whereas it gave the value 6 e. s. units, when this dis- 
placement only extended over 250 mm. 

Measurement of the current. 

With the different above mentioned states of charge ionisation 
currents were measured, obtained with two different very slight 
quantities of polonium, which were placed in a dish on the bottom 
of f; the larger quantity is called A, the smaller B. The velocity 
with which the scale moved under the cress wire was determined, 
and then the intensities of current were derived in absolute measure 
from this by means of the knowledge of the capacities and potential 
sensibilities holding for some of the states of charge. 

The curves Il represent the result of the measurements for the 
quantity A; it appears from this, that in accordance with expecta- 
tion the sensibility of charge increases for states with greater potential 
difference between a and 5; at the same time this confirms what 
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was discussed before, that namely the sensibility of charge for one 
and the same state is greatest, when « is nearest 0. 

From the experiment in itself the ratio of the current intensities 
of the two quantities of polonium could already be derived, and 
that even for each state of charge taken by itself. It will namely be 
equal to the ratio of the times required by a to pass through the 
same angle for the quantity A and for 5. This ratio, which would 
have to yield the same value for every state of charge, amounted 
successively to 2.5, 2.7, 2.7, mean 2.6. 

According to the above it was now possible at the same time 
by means of the measured capacities and the known potential sen- 
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sibilities to determine the currents for A and B in amperes, from 
, CX V-inerease per sec. 
the formula: 24 = 9 10u 
the capacity of the needle 5 + d. As mean values from the values 
for the 3 most insensitive states we thus obtained : 

1A == Le A0 gunt) 

LA ee U A) 

Limits of sensitivity of the apparatus. 

Besides being dependent on the state of charge of the system, the 
sensibility of charge can also be modified by varying the thickness 
of the suspension wire and the angle between the needles. 

It was now of interest to ascertain how far the influence of 
a change of the state of charge in this respect could extend, how 
far in other words the apparatus might gain, resp. lose sensibility 
of charge by a constantly increasing or diminishing potential difference 
between a and 5. Experiment showed, that there are limits on either 
side, at which the apparatus presents a very peculiar character; 
this will successively be examined for a smallest sensibility, and 
then for a greatest sensibility. 


‚in which C represents 


a, Limit of smallest sensibility. 

Though for the just mentioned state of charge (+ 8,0, + 2) V 
the phenomena were similar to those for the other states of charge, yet 
the limit of sensibility appeared to be close in the neighbourhood, 
viz. at the state: (+ 4, 0,0) V; this will most clearly appear from 
the experiment in which the potential sensibility was examined by 
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the regular increase of the potential value of 5. It appears from 
curve LI how, in contradistinction with the other states, a first 
recedes from 6, and then approaches 5 again. 

The explanation of this deviation from the ordinary phenomena 
is very obvious; for the potential value of a being low, 6 will soon 
rise above this value in potential value, and this more and more; 
hence the diminution in lines of force between a and 5 first con- 
tinues, till the potential value of 5 has risen to + 4V; then lines 
of force arise again between a and 6, whose number increases with 
the rise of the potential of 6, so that finally the needles will, instead 
of receding, approach each other. 

In accordance with expectation it appeared from the experiment 
for the current measurement that the needle first receded from 5, 
stopped, and then approached 0. 

This state of charge appeared, therefore, to be unsuitable for the 
current measurement, of course under for the rest entirely definite 
circumstances of thickness of wire, height, and angle of the needles. 

b. Limit of greatest sensibility. 

In the following examples of states of charge illustrating this 
case a certain difference with the foregoing ones may be observed; 
for the rest this modification was taken voluntarily; 6 is here 
namely in the initial state already at positive potential, while the 
potential value was lowered during the measurement, in other words 
in contrast with the preceding cases a approached to 5 through 
increase of the lines of force between a and 6. 

In the following examples the potential decrease for 6 amounts 
every time to 2V, and it is always stated how much then the 
deviation is for a, expressed in mm. of scale displacement. 


(1) state (+ 80, + 60,+60,)V.| (2) state (+80, +40, + 36,) V 


be has MV. SZ mm, b “+38 VW 180 
kee Be tn te 
zc SRE a 0 eae » +34 ,, the needle 
en AP. a GE turns. 


9) 5 50 Be) 250 ? 
(3) state (+80, + 30,+26,)V.| (4) state (+80, +10, +4) V. 


i.) 2S. V.. 201 mm, b +8 V. the needle 
» +26 , the needle turns. 
turns. 
(5) state (+ 120, +40, +32) V.| (6) state (+120, +10, +2) V 
b + 38 V. the needle b + 8 V. the needle 


turns. | turns, 
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The phenomenon that occurred now was the following: when e.g. 
in the 3 state 6 was charged to + 26 V, after having first been 
brought to + 28 V, we did not once more observe a deviation which 
amounted to somewhat more than that for the change of the 
potential value of b from + 380 V to + 28 V (since the sensibility 
at smaller angle increases), but a passed over so great an angle that 
the whole scale disappeared from the field, and a assumed almosta 
position parallel to 6: the needle turned suddenly. In state 4 this 
phenomenon occurred immediately at the first potential decrease of 
b with 2 V, and the same applies to the 5 and 6" states, 
whereas in contradistinction with this the first state exhibited stable 
states throughout the scale for definite potential values of 6. 
The experiment seemed therefore to point to the existence of an 
unstable state of equilibrium of a, which gradually shifted to an 
increasing angle with 6 as the state of charge became more sensitive. 
To ascertain, whether this displacement was a gradual one, the 
turning point was approximated as nearly as possible for every state 
separately; this was done by diminishing 6 in potential value not 
by 2 Volts every time, but only by parts of 1 Volt. The result of 
this was that, as had been expected, the 2"¢ and 3" states were 
still realisable throughout the scale, the 4, 5, Gh states on the 
other hand only partially, but again in such a way that the said unstable 
state of equilibrium, hence the turning point, occurred at a greater 
angle, as the state of charge was more sensitive. 

When after the turning a had reached its new state of equilibrium, 
it was not possible to make a return to its position through a slight 
potential increase of 6, which, considered in itself, would give rise 
to a state of charge with a stable equilibrium outside the region of 
turning. This too pointed to the existence of an unstable equilibrium. 

The explanation of the existence of such an unstable equilibrium 
at the point of turning seems to me the following : 

In what precedes the change was already discussed of the 
induced charge on 6, in consequence of an angular displacement 
of a; we saw how this change takes place for a definite angular 
displacement to a greater degree, the greater the potential difference 
is between a and 5, and the smaller the angle is between the needles. 

Taking this into consideration we may ask what will take place 
when e.g. the state (+ 83, + 30, + 26,)V is realized, and when 
the negative charge is continually supplied to 6. 

In this the ratio of useful to injurious capacity will namely con- 
tinually change for the before-mentioned reasons; it will become 
continually greater; at a definite angle the influence of this injurious . 
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capacity can even all but vanish. This circumstance can also be 
expressed thus, that then even a supply of negative charge will no 
longer make the potential of 6 go down, because the approach of 
a to 5 brought about by this supply just compensates the expected 
potential decrease. 

The angle, for whic) this consideration holds, will still be found 
outside the region of turning and may be realized by means of a 
storage battery. 

If more and more negative charge is added at this angle to 4, e.g. 
through an ionisation current, the potential value of 5 will even 
continually rise in consequence of the preponderating influence of the 
approach of a to 5. Finally the state becomes this, and it is then 
that the turning takes place, that for a further approach of a to ba 
supply of charge to 4 is not even required any longer. For the mere 
induced charge on 6 called forth by the approach will be more 
than sufficient to give rise to an electrostatic couple, which can be 
in equilibrium with the formed torsion couple. 

That, however, in case of such a turning the parallel state is not 
entirely reached, which was already pointed out, may be accounted 
for in this way that the lines of force between a and 6 at decreas- 
ing angle will also act on the back of a in appreciable quantity, 
and this more and more as the angle becomes smaller, so that through 
this circumstance the electrostatic couple, which tends to make the 
angle between a and 6 smaller, is counteracted. It will follow from 
this, that after the turning, the two needles will always continue to 
form a (generally small) angle with each other. 

It follows therefore from this explanation of the angle of turning, 
as was already pointed out on p. 547, that, when the measure- 
ment is made in the neighbourhood of this angle, the capacity which 
must then be taken into account, will chiefly consist of useful capacity, 
by which the sensitivity of the state is to be explained. 

In conclusion a single example of a measurement of air-ionisation 
and of Itubidium-ionisation. 

in thcse measurements the needle a was brought to potential zero ; 
the state of charge was: 0 V., — 26 V., — 32 V. 

The ionisation space contained only air; volume 1 litre; the 
number of seconds successively found for the passage through 10 mm. 
was: 435724, 31,--32; 55, 55. 

Then a quantity of Rubidium salt was placed in a dish with an 
area of. 50 cm’, on the bottom of f; it was found that successively : 
9, 10, 10, 11 seconds were required for the passage of 20 mm. In 
this case f was at + 80 V. 

Physical aoe of the University at Groningen. 
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Chemistry. — “The metastable continuation of the mixed crystal 
series of pseudo-components in connection with the phenomenon 
allotropy”. Ul. By Prof. A. Smits. (Communicated by Prof. 
J. D. van DER WAALS). 


(Communicated in the meeting of Sept. 26, 1914). 


In the first communication on this subject *) different possible 
continuations of the mixed erystal series in the metastable region 
have been discussed, in which chiefly the mixed erystal phases 
coexisting with liquid were considered. 

The metastable continuation of the coexistence of two mixed crystal 
phases was only mentioned in a single case, where namely continuity 
of the mixed crystal phases in the metastable region was supposed. 

It is now, however, the question what can be said of this 
coexistence for the case that the said continuity does not exist. We 
consider, therefore, one of the figures from 7 to 12 inclusive from 
the previous communication, and ask what can be predicted about 
the metastable continuation of the lines p and m. 

On the whole a transgression of the melting temperature without’ 
melting setting in, or in otber words supersolidification, is considered 
possible also on slow rise of temperature. The continuity discussed 
by Van per Waats between the sublimation line a 5 and the melting 
point line 4c of a single sub- 
stance, see fig. 1, starts from 
this supposition; we shall, there- 
fore, also here have to take the 
possibility into account that the 
melting fails to appear at the 
eutectic temperature, and that 
the coexistence continues to exist 
between the two mixed crystal 
phases. It is, however, the ques- 
tion whether this possibility is 
limited. It follows from the con- 
tinuity between the sublimation 
line and the melting-point line 

Fig. 1. considered by van DER Waars that 
such a limit has been assumed 
for the coexistence between solid + vapour and solid + liquid. 


Ip 
le 


1) These Proc. XVI p. 1167. 
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Above the temperature of the higher cusp e, and below the pressure 
of the lower cusp d, the solid substance can no- longer exist by 
the side of the gas resp. liquid. 

For our purpose the cusp c is the most important, for this point 
expresses that there exists a limit for the coexistence solid + gas, 
which implies that the orientated condition of the molecules in the 
solid substance coexisting with its vapour cannot exist any longer 
at a definite temperature, in consequence of the increasing molecular 
motion. If this holds for the solid substance in coexistence with 
vapour, there must also be a limit of existence for the solid substance 
without vapour, and as the contact with the vapour will diminish 
the stability of the solid state in consequence of the molecular 
attraction between the molecules in the solid phase and those in the 
gas phase, we may expect that the limit of existence of the solid 
substance without vapour will lie at a higher temperature. This | 
temperature limit of existence will vary witk the pressure, and thus 
we shall be able to draw a line uv in the P7-figure indicating the 
limit of existence of the solid substance. 

For a binary system this holds of course, for both the components. 
When, therefore, we pass from the triple point of the components 
to the quadruple point, we get something similar. As Dr. ScHErrrr 
has demonstrated *) and as is expressed in Fig. 2, the lines for 
Sat Sp d- G, Syd Sp L merge continuously into each other 


Fig. 2. 


also by means of a ridge with two cusps and an unstable inter- 


1) These Proc, XIII p. 158, 


mediate portion, and here a line pg can be given for the “mt of 
coexistence of Sa + Sp, because either S4 or Sg has reached its 
limit of coexistence there, which makes it impossible for the said 
coexistence to occur any longer. 

It follows therefore from this that the lines p and m extend 
metastable to a definite temperature above the eutectic one. 


Transition from monotropy to enantiotropy. 


As is known it often happens that a substance under the vapour 
pressure presents the phenomenon of monotropy, whereas under 
higher pressure enantiotropy takes place, as has e.g. been indicated 
in the P7-figure 3. 

The theory of allotropy again enables us to get a clear insight 
into the signification of this phenomenon. 

Suppose the 7’, X-figure 4 to hold for a pressure above the triple 


point O, and below the triple point O,, then according to the said 
theory the conclusion may be drawn from the fact that at higher 
temperature enantiotropy occurs, that the situation of the internal 
equilibrium with respect to the pseudo system is dependent on the 
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pressure. For only in this case e.g. the situation of the line for the 
internal equilibrium in the liquid with respect to the pseudo system 
will shift with the pressure, and if this displacement is such that 
the point /, moves downward with respect to the pseudo binary 
7T,X-figure, /, will coincide with c, S, with d and S, with e at a 
given pressure, or in other words under this pressure two solid 
modifications of the unary system will be in equilibrium with each 
other and with their melt at a definite temperature (triple point 
temperature). 

At this temperature the two modifications have therefore the same 
melting-point pressure, so that this temperature can also be called 
a transition temperature under the melting-point pressure. 

If we raise the pressure still more, we get a 7’x-figure as given 
in Fig. 5, from which it appears that whereas the direction of the 
lines for the internal equilibrium in the solid phase excluded the 
appearance of a stable point of transition at lower pressure, it must 

__ now at higher pressure neces- 
sarily lead to a transition point. 
We see further that the solid 
phase which appears at the 
stable point of solidification now 
lies on that mixed erystal line 
on which the solid phase of the 
metastable melting equilibrium 
lay before, and vice versa, so 
that the form of crystallisation 
of the solid phase at the stable 
point of solidification will now 
be equal to that in which the 
metastable phase showed itself 
at a pressure below the transi- 
tion pressure. 

On further increase of pressure 


ox | # B the pvints /, and s, move still 
Fig. 5. more to the left, and the transi- 


tion equilibrium gets deeper and deeper below the equilibrium of 
melting. 

The P, 7-projections of the points s, and /,, at different pressures 
will form the stable melting-point line, that of the point s, and /, 
the metastable ones whereas those of the points s’,, s’, form the 
transition line as indicated in fig. 3. 

It therefore appears from the foregoing that the transition from 
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monotropy into enantietropy can be explained in a simple way 
by means of the theory of allotropy. 

Now the question rises where the transition line eo, starts from. 
A possibility has been given in fig. 3, from which follows that the 
transition line starts in a metastable point of transition under the 
vapour pressure O,. This is the view to which lead Osrwarp’s *) and 
ScHAUM’s *) assumptions on the existence of a metastable point of 
transition wader vapour pressure*). Now it is the question whether 
this is the only possibility. It has been pointed out just now that 
the metastable coexistence is confined between the two mixed crystal 
series md and pe (see Fig. 4), and as the metastable point of 
transition arises by intersection of the internal equilibrium line of 
the solid phases with the above mentioned mixed erystal lines, it is 
clear that it may happen that this intersection does*e.g. not exist 
under the vapour pressure. 

If in such a case enantiotropy does occur at higher pressure, the 
transition line will proceed in a metastable way up to that pressure 
and that temperature at which for the first time an intersection 
between binary mixed crystal lines and internal equilibrium lines 
takes place, and there the transition line will then suddenly terminate 
in a point that indicates the 
limit of existence of the 
coexistence between two solid 
phases which are in internal 
equilibrium, as fig. 6 shows. 

Now it is clear that the 
main cause of the transition 
from monotropy to enantio- 
tropy can find its origin 
exclusively in this that the 
situation of the pseudo figure 
varies more greatly with the 
pressure than that of the 
unary figure, but in by far 
the most cases, namely there 
where the pseudo components 

Fig. 6. are different in molecular 
sizes, the situation of the pseudo figure will vary less with the 


1) Z. f. phys. Chem. 22, 313 (1897). 
*) Lieb. Ann. 300, 215. 
*) Cf also BaKHuis Roozegoom, “Die Heterogenen Gleichgewichte” I, 187. 
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pressure than that of the internal equilibrium, and the phenomenon 
discussed here will have to be attributed to this superposition. 

In conclusion it may be pointed out that other particularities may 
still present themselves, when the internal equilibrium line of the 
liquid phase under the vapour pressure lies so much on one side 
that there exists no meta- 
stable melting point under 
this pressure. If we now 
think that this case occurs, 
and that the internal equili- 
brium line for the liquid 
phase under the vapour 
pressure lies greatly on 
one side towards the right, 
and that this line moves 
towards the left on increase 
of pressure, we get what 
follows: The phenomenon Fig. 7. 
of phase allotropy*) is wanting under the vapour pressure, monotropy 
can however, occur at higher pressure. 

The metastable melting-point line will start at the absolute zero 
e.g. in the case of fig. 10 of the preceding communication’), and 
run further as represented in fig. 7. 

If on the other hand we have to do with the case of fig. 12 of 


je ©) 


Fig. 


1) For the occurrence of a substance in two or more similar phases the word 
phase allotropy might be used, while the occurrence of a substance in different 
kinds of molecules, for which I before introduced the name homogeneous allotropy, 
might be designated by molecular allotropy. 
2) loc. cit. 
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the preceding communication, a PT-figure is possible as fig. 8 shows. 

These considerations open our eyes to the possibility that enantiotropy 
occurs under higher pressure, notwithstanding the phenomenon of 
monotropy is not found wnder the vapour pressure, 


Amsterdam, June 25, 1914. Anorg. Chem. Laboratory 
of the University. 


Chemistry. — “On the vapour pressure lines of the system 
phosphorus.” 1. By Prof. A. Smrrs and 5. C. Boknousr. 
(Communicated by Prof. J. D. van per WAALS). 


(Communicated in the meeting of Sept. 26, 1914). 


The continued investigation of the phosphorus purposed to decide 
with certainty whether the red and the violet phosphorus must be 
regarded as two different modifications exhibiting the phenomenon 
of enantiotropy, as seemed to follow from Jorgors’ *) researches and 
also from our first investigations. 

Confining ourselves to the communication of the result we can 
state with certainty that the supposed point of transition between 
red and violet phosphorus does not exist, and that only one solid 
stable modification of the phosphorus has been found, which is violet 
in coarser crystalline state, but red in a more finely divided state. 

The vapour tensions of different phosphorus preparations approach 
to amounts which form one continuous vapour pressure line, when 
the heating is long continued. 

An apparent discontinuity may arise under definite circumstances 
in consequence of too rapid heating. If namely, the preparation at 
lower temperature contains too much of the more volatile pseudo- 
component, too high vapour pressures are observed at these lower 
temperatures, in consequence of the not setting in of the internal 
equilibrium. In the neighbourhood of 450°, however, the setting in 
of the internal equilibrium becomes appreciable, and this transformation 
being attended with a diminution of the vapour pressure, the vapour 
pressure line will present a course that reminds of a discontinuity. 
When we worked very slowly and started from states which could 
only differ little from internal equilibrium states, any discontinuity 
had, however, disappeared. 

At the same time this investigation ech a fine confirmation 


1) C. R. 149, 287 (1909) and 161; 382 (1910). 
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300° 350° 400° 450° 500° 550° 600° 


Vapour pressure line red phosphorus determined by means 
of the glass spring indicator. 


————— ee er 


Temperature | the in atm, | Temperature | VRC Bice 

Pree Lew aT ase eae tee RS ee 
300 0.05 480 5.0 
325 0.1 490 6.25 

age 550 0.2 500 Ti 
315 0.4 510 9.4 
400 0.7 520 11.2 
a 0.9 530 13.2 
420 1.15 540 15.65 
430 1,55 550 18.75 
440 1.90 560 22.95 
450 2.45 570 28.6 
460 3.15 580 35.6 
470 4.0 589.5 43.1 Triple point 


45 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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of the theory of allotropy, as it necessarily led to the conclusion 
that the stable red or violet modification is really complex, and 
consists at least of two components, which greatly differ in volatility. 

As the denomination red phosphorus is universally known, we 
will also apply this term to the stable modification, though, as was 
said before, this modification is violet in coarser crystalline state. 

The adjoined figure represents the vapour pressure line, as it has 
been found by us after laborious study, and the table gives the 
vapour pressures at different temperatures, as they can be read from the 
vapour pressure line. In a following communication this investigation 
will be treated more fully. 


Amsterdam, Sept. 25, 1914. Anorg. Chem. Laboratory 
of the University. 


Chemistry. — “The application of the theory of allotropy to electro- 
motive equilibria.” III. By Prof. A. Smits and Dr. A. H. W. 
ATEN. (Communicated by Prof. J. D. vaN DER WAALS). 


(Communicated in the meeting of Sept. 26, 1914). 
Introduction. 


The application of the theory of allotropy to metals necessarily 
led to the assumption that every metal that exhibits the phenomenon 
of phase allotropy, must contain different kinds of ions. As was 
already mentioned before, these kinds of ions can 1. differ in com- 
position, the electric charge per atom being the same; 2. differ in 
valence with the same composition, and 3. differ in composition and 
charge per atom. 

On extension of the said theory to the electromotive equilibria it 
was now demonstrated 1. that the unary electromotive equilibrium 
finds its place in a Aw figure of a pseudo system, 2. what can be the 
relation between the unary and the pseudo-binary system, and 3. what 
phenomena will have to appear when in case of electrolytic solution 
resp. separation of metals the internal equilibrium is noticeably 
disturbed. The phenomena of anodic and cathodic polarisation appeared 
by this in a new light and the passivity of metals revealed itself as 
a disturbance of the internal equilibrium in the metal surface in the 
direction of the noblest kind of ions‘), which view seemed already 
to be confirmed by a preliminary investigation ’). 

Thus we had arrived at the region of the passivity of metals, and 


1) These Proc. XVI p. 699. 
2) These Proc. Vil p. 37. 
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it became desirable to get acquainted with the immensely extensive 
literature on this phenomenon. 

The most important hypotheses that have been proposed as an 
explanation of this phenomenon, and which have been collected by 
FREDENHAGEN ') in an interesting summary, are the following: 

1. The oxide theory of Farapay, who assumes that passive metals 
are covered by a coat of oxide ®). 

2. Kricer Finkenstein’s *) valence theory which slightly modified is 
also adopted by Mürrer*). In this it is assumed that the passivity 
consists in a change of the proportion between the components of 
different valence. ; 

3. Le Buanc’s velocity theory °), which supposes the phenomena 
of passivity to be due to the slight velocity with which the formation 
of metal ions would take place. 

4. The velocity theory of FREDENHAGEN °), MurHmann, and FRAUEN- 
BERGER‘), who start from the supposition that the passivity is caused 
by the slight reaction velocity between the anodically separated 
oxygen and the passifiable metal, which causes oxygen charges or 
solutions of oxygen in metal to originate. 

5. The theory of Grave ®), who assumes a retarded heterogeneous 
equilibrium metal-electrolyte which is under catalytic influences. 

If we now consider the passivity which has arisen by an electrolytic 
way, it seems. to us that too little attention has been paid to the 
primary character of the phenomenon. 

First of all we should inquire to what it is owing that in ease of 
anodic polarisation of base metals the potential difference is modified 
in such a way that the tension of separation for the O, is reached, 
and we should also question why in case of cathodic polarisation 

of base metals the potential difference changes in such a way that 
“the tension of separation for the H, is reached. 


1) Z. f. phys. Chem. 63, 1 (1908). 

*) Farapay has not expressed himself so positively as is generally thought. In 
a letter to R. Taytor Farapay writes explicitly [Phil Mag X 175. Jan. 21 (1837)]: 
“I bave said (Phil. Mag. IX. 61 1837) that my impression is, that the surface of 
the metal is oxidized, or else, that the superficial particles of the metal are in 
such a relation to the oxygen of the electrolyte as to be equivalent to an oxidation, 
meaning by that not an actual oxidation but a relation... 

3) Z. f. phys. Chem. 39, 104, 11909). 

ce) ems » 48, 577, (1904). Z. f. Electr. Chem. 11, 755, 823, (1905) 

5) Chem. News 109, 63 (1914). 

6) Z. f. phys. chem. 43, 1 (1903). 

7) Sitzber. K. Bayr. Akad. 84, 201 (1904). 

8) Z-f. phys. Chem. 77, 513 (1911). 
45% 
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These phenomena being only observed above a certain current 
density, it is clear that we have to do here with a disturbance 
which makes its appearance when the electric current is passed 
through with too great velocity. 

We have, therefore, to do here with a question of velocity, and 
as an explanation of the primary character of the passivity pheno- 
menon Farapay’s oxide theory is to be rejected from the beginning. 

With regard to Graves theory we may remark that it seemed 
very improbable already at a cursory examination. NeERNST has 
namely demonstrated that in the phenomenon of solution equilibrium 
of saturation always prevails in the boundary layer solid-liquid. In 
connection with this we may, therefore, expect that this continues 
to hold for the phenomenon of solution by an electrolytic way. 
There is no reason at all to make an exception here. 

With regard to the second theory it should be observed that the 
valence hypothesis, on which it is founded, is implied in the con- 
clusions to which the application to metals of the theory of allotropy 
leads. This theory generally concludes, namely, as was already said 
before, to the existence of different kinds of tons in the metal phases 
and points out that one of the possibilities is this that the metal ions 
with the same composition only differ in valence. 

The application of the theory of allotropy to the heterogeneous 
electrolytic equilibria has further shown that when the metal phase 
is complex, apart from the nature of the difference between the ions, 
the anodie and cathodic polarisation, and also the passivity of metals 
can be explained. 

Diametrically opposed to this theory are the theories 3, 4 and 5, and 
it is now clear what will have to be decided. By an experimental 
way we must try to get an answer to the question as to whether 
the phenomenon polarisation and passivity resides in the boundary 
surface between metal and electrolyte, as the theories 3, 4 and 5 
suppose, or in the metal surface itself, as the theory of allotropy 
has rendered probable. 

For this purpose the investigation about the complexity is the 
obvious way. When experiment has proved the complexity, we can 
try to find out whether it possesses metal ions of different valence. 


Experimental part. 


1. To examine whether or no the phenomenon of polarisation and 
that of passivity resides in the metal surface, it seemed to us the 
simplest course to attack the metal surface by means of chemical 
reagents, and to see if it has changed its properties in consequence 
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of this. If a metal really contains different kinds of ions they will, 
as was stated before, differ in reactive power; hence an attack may 
result in a change of the concentration in the metal surface, in the 
sense of enobling. It is, however, to be seen beforehand that the 
investigation in this direction will be successful only when the in- 
ternal equilibrium in the metal surface in contact with the electro- 
lyte is established slowly enough. If this equilibrium is established 
with very great velocity, no disturbance will of course, take place, 
even though the ion-kinds differ greatly in reactivity. 

It appeared in our previous investigation about polarisation that 
the metals Ag, Ca, Pb are exceedingly little polarisable, from which 
we inferred that these metals quickly assume internal equilibrium. 
Hence the etching of these metals promised little success. Quite in 
agreement with our anticipations it appeared that the potential dif- 
ference metal- ‘/,, norm. salt solution was not to be changed 
for these metals by previous etching. 

To examine this the electrode of the metal that was to be investi- 
gated, fastened to a platinum thread was etched with acid, and then 
quickly rinsed with water. Then this electrode was immerged in 
a ‘/,, norm. salt solution, and made to rotate, after which the 
potential with respect to a */,, N. calomel-electrode was measured 
as quickly as possible. 


When the above mentioned metals according to our anticipations 
had yielded a negative result, the metals Co, Ni, Cr, and Fe were 


examined with the following result: 
nnn ee SE ee 


Metal | Potential rise through etching 
| by HCI 0,108 V 
GO x » HySO,g 0,109 ,, 
» HNO; 0,107 ©, 
by HCI 0,04 V 
Ni ” HNO; 0,10 ” 


„ Br-water 0,00 ,, 


by HNO3 1,00 V 
Cr „ Br-water 0,60 , 


Fe by HNO3 above 1,00 V 
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It follows from this table that these metals about which it was 
derived from the phenomenon of polarisation that they assume their 
internal equilibrium much more slowly than Ag ete. really become 
nobler when etched with acid, as was expected. 

This temporary change of the potential difference in the sense 
noble must find its origin in a change in the metal surface, and so 
it is perfectly clear that theories 3,4, cannot be of any use here. 

At the same time they throw a peculiar light on Grave's theory. 
Grave thinks that the heterogeneous equilibrium metal-electrolyte 
can be easily retarded, but that the hydrogen exerts a positively 
catalytic influence on the heterogeneous equilibrium. According to 
him iron would become passive by extraction of the dissolved hydrogen, 
which would take place on anodic polarisation. Now specially in 
ion-state hydrogen is certainly a catalyst for the transition passive 
— active, but it is quite unpermissible to derive from this that 
hydrogen catalyses the heterogeneous equilibrium. It is of importance 
to state emphatically that according to Grave’s theory it could by 
no means be expected that an enobling of the metal surface would 
be brought about when it was etched with HCl or H,SO,, in which 
the metal can absorb hydrogen. We have to do here with a pheno- 
menon that cannot be counteracted by the positively catalytic influence 
of the hydrogen on the internal transformations in the metal surface. 

Further we made the following in onr opinion very important 
experiment with iron. An iron electrode forged to a platinum wire 
was made passive one time through anodic polarisation, another 
time through immersion in strong nitric acid. Both times the potential 
of these passive states of the iron electrode immerged in '/,, N.FeSO, 
solution, was measured with respect to */,, norm. calomel, in which 
the following appeared. 

The potential difference of the passive iron, both after anodic 
polarisation and after etching with strong HNO, at first decreases pretty 
rapidly, then remains consiant for a time, and then descends again 
rapidly. We now compared the temporarily constant potential differ- 
ence of the quickly rotating electrode in the two cases, and then 
found what follows: 


Tension of the constant part of 


Observations the potential of passive iron 
| 
Passivity arisen by anodic polari- -+0,20 V with respect to !/;9 Norm. 
sation Calomel electrode 


Passivity arisen on attack of 0,205 V with respect to !/;9 Norm. 
strong HNO; Calomel electrode 
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From this experiment the important conclusion could, therefore, 
be drawn that the two passive states are the same. 

At the end of this series of experiments we may finally already 
conclude that from the fact that where anodic enobling was observed, 
also ore enobling could be demonstrated, follows that the two 
phenomena must be explained from one and the same point of view, 
as the theory of allotropy makes possible. 


2. As the course followed bade fair to lead to success, we have 
changed our mode of procedure so that we could expect still greater 
effects. 

Our purpose was now to attack the metals while they were im- 
merged in the salt-solutions, and measure the potential with respect 
to the calomel-electrodes at the same time. 

Very effective in this respect is bromic water, with which in some 
Cases enormous effects were obtained, and a catalytic influence was 
also discovered of Br-ions for Ni. 


Nickel. 


The first experiment was made with a serewshaped Ni-electrode, 
which was kept in rapidly rotatory mction by a motor, and served 
therefore at the same time as stirrer. The result was as follows. 


Ni-electrode in 100 cm3 '/,9 N. Ni (NO3)2-Solution. 


Potential of the Ni-electrode with 


Observations respect to !/‚, Norm.Calomel-electrode 
Initial value | + 0,15 V 
with one drop of Br-water + 0,44 , 
i te GFOPS= «, 5 + 0,51 , 
Wed D 5 7 + 0,64 ,, 
hel | 5 é ; + 0,67 ,, 
„a cs = 5 + 0,80 ,, 


Now a pretty abrupt descent of 
the potential set in. 
After 4 minutes the potential is 
constant 
+ 0,42 V 


At last 2 drops of pure Br. are 
added Eken 
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It follows from this table in the first place that addition of bromie 
water makes the potential of the nickel rise at first by about 0,65 Volt. 
Then a maximum is reached, after which a considerable decrease 
takes place. We further see that when after the potential did not 
change any more, the bromie concentration was raised to saturation 
by the addition of three drops of bromine, the potential of the Ni 
changed only exceedingly little. 

This very remarbable result *) led us to suspect that the disturb- 
ance of the internal equilibrium caused by the action of the bromine, 
is catalytically influenced by Br’-ions which had arisen when the 
metal was etched. With certain br’-ion-concentration the positive cata- 
lytic action of the Br’-ions is so great that it can just compensate the 
disturbing action of the bromine, and the Br’-ion-concentration increasing 
continually, a considerable decrease will then have to set in. If now 
the bromine concentration is increased considerably, both the disturb, 
ing action and the catalytic action is greatly increased, after which 
the condition can become pretty well stationary, and addition of 
more bromine has little or no influence. To test this supposition 
the potential of the Ni was first carried up by bromine water, and 
then KBr was added with the following result : 


Ni-electrode in 100 cm$ 1/0 Norm. Ni(NO3)9-solution. 


Potential of the Ni-electrode with 


Observations | respect to !/;)9 Norm. Calomel-electrode 
Initial state + 0,07 V 
With 5 drops of Br-water + 0,52 „ 
STD scot ae gare = + 0,64 ,, 
„ 2 cm? N.KBr solution + 0,24 ,, 
„ 2 drops of pure Br + 0,35 „ 
After this a slight decrease takes 


slowly place. 


We see from this that addition of KBr made the potential of Ni 
really decrease greatly, but then it was necessary in order to get 
more certainty about the signification of the phenomenon to examine 
in how far Ni behaved here as a Bromine electrode. 


') The same result was obtained with a Ni-electrode glowed in vacuo, from 
Which follows that possibly dissolved hydrogen exerts no influence on the pheno- 
menon. 
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For this purpose besides a Ni-electrode, also a Pt-electrode 
covered with Pt-black was placed in the same Ni=nitrate-solution, 
and then after addition of Br-water the potential of the Ni- and of 
the Bromine-electrode was determined. 

Then the following was found : 


Ni and Pt-electrodes immerged in 100 cm3 N. Ni (NO3)s-solution. 


had 


Potential of the Ni-elec- | Potential of the Br-elec- 
Observations trode with respect to | trode with respect to 
‘ig N. Calomel electrode Io N. Calomel electrode 
Initial value — 0,33))V RS — 0,03 V ri 

> 0;60°V eon 

With10 drops of Br-water + 021, + 0,82 , 
= Ole Sa O02 

” 1 cm3 ” ” te 0,58 ” oe 0,84 ” 
= 0,04) 5 >—0,01 , 

” 3 ” ” ” nf 0,62 ” | zE 0,83 ” 
> —0,16 ,, > — 0,04 , 

„ 1 „N.KBr-solution + 0,46 , + 0,19 , 
> -- 0,05 „ > — 0,04 , 

” 4 on» ” Els 0,41 ” an 0,75 ” 
E > — 0,84 „ > —0,79 „ 

» 1 „ „Na-thiosulphate, — 0,43 , — 0,04 „ 


Of an unassailable metal which behaves as bromine electrode it 
may be expected according to the formula: 
CB 


’ Br’ 


Vet — Voor, = AA, + 0,058 log?” — 


that the addition of the first small quantity of bromine will give 
rise to a considerable increase of the potential difference, while a 
subsequent increase of the bromine concentration must exercise a 
much smaller influence. Our bromine electrode very clearly exhibited 
this behaviour; the first 10 drops of brominewater made the potential 
rise 0,85 Volt, whereas the subsequent addition of 1 em? resp. 3 em‘ 
of bromine water no longer practically changed the potential. 
Increase of the Br’-ion-concentration must lower the potential differ- 
ence of the bromine electrodes again, and this too was observed. 
By the addition of 1 em° of N.KBr-solution the potential fell 0.04 
Volt. That this lowering is not greater is owing to this that during 
the action of Bromine on nickel bromine ions had already been 
formed. . 

In conclusion we removed all the bromine by addition of Na- 


1) This negative value must be attributed to the catalytic influence exerted by 
KBr in the preceding experiment. 
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thiosulphate, and then the potential fell to — 0,04 V., which was 
about the initial value. If we now compare the behaviour of the 
Ni-electrode with this behaviour, we notice that the addition of the 
first quantity of bromine has a smaller influence than for the bromine- 
electrode, and that the addition of more bromine has a much greater 
influence here than for the bromine-electrode. 

While the potential of the bromine electrode no longer changes 
on further addition of Bromine up to 3 em’., it increased for the 
nickel-electrode by an amount of 0,34 V., so that the total rise 
amounted to 0,95 V. 

And we see further that while the addition of KBr brought about 
a decrease of only 0,04 V. for the bromine-electrode, it came to 
four times the amount, viz. to 0,16 V. for the nickel-electrode. 

All this suggests that the nickel-electrode does not behave at all 
as a bromine-electrode in the experiments mentioned here, which is, 
indeed, not astonishing, as the Br pretty strongly attacks the Ni-electrode. 

It is, therefore, clear that we have to do here with a very parti- 
cular behaviour of the metal itself, and that the explanation, as was 
already surmised, must be this that during the action of bromine 
on nickel a disturbance of the internal equilibrium takes place in 
the meta! surface, in the nobler sense, and that this disturbance is 
counteracted by addition of Br-ions, from which follows that bromine 
ions execute a positively catalytic action. The result is that we have 
observed bere a great disturbance of the internal equilibrium in the 
metal surface caused by chemical action, which proceeds continuously, 
in the same direction as was found in ease of anodic polarisation. 
The electrolytical solution of metals is, however, very certainly the 
most efficient means to disturb the internal equilibrium in the metal, 
and thus in this way an anodic polarisation of 1,88 V. was observed 
for Ni, which after the current had been broken off still amounted 
to 0,95 V., a value which is in fairly good agreement with that 
found now. The disturbance brought about by Br during the rinsing 
of the electrode with water being again neutralized, the previous 
etching experiments with Br had a negative result. 


Chromium. 


Of all the metals which we have investigated up to now, chro- 
mium is nearest akin to Ni. 

The following table represents the result obtained when bromine 
was added to a rotating chromiumelectrode immerged in a *'/, 
N.CrCl,-solution. 
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Cr-electrode in 100 cm3 1/;9 norm. CrCl,-solution. 


Potential of the Cr-electrode with 
respect to !/;) norm. Calomelelectrode 
eae ee iele ee eee 


Observations 


Initial state with active chromium !) — 0,26 V 

with 3 drops of Br-water — 0,08 ,, 

then slowly descends to 
— 0,24 V 

with 1 cm3 of Br-water . + 0,62 ,, 


rises in a few minutes to 


+ 0,79 V 
with 2 cm3 of Br-water + 0,79 „ 
with 1 cm3 of N. KBr solution + 0,78 ,, 


Then the preceding experiment was repeated with a solution of 
Cr(NO,), with the following result: 


: Potential of the Cr-electrode with 
Observations | respect to '/;, Norm. Calomelelectrode 
Initial state — 0,35 V 
with 9 drops of Br-water + 0,73 , 
„ 1 cm? of N. KBr-solution + 0,74 ,, 


In the first place we see from this that the chromium electrode 
undergoes an exceedingly strong enobling, in which the metal beco- 
mes passive, as could be demonstrated. By 1 em’. of bromine water 
the potential rises more than 1 Volt. Further we see that addition 
of KBr has no influence on the Cr-potential, which proves both 
that chromium does not behave here as bromine electrode, and 
that Br-ions do not exert a catalytic influence on the setting in of 
the metal equilibrium. The metals Co, Al gave a smaller rise of the 
potential when attacked by Bromine. 

We shall revert to this behaviour later on. 


1) The commercial chromium is passive, and can as Hrrrorr states, be activated 
by heating with strong HCl. Z. f. phys. Chem, 25, 729 (1898) and 30, 481 (1889), 
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The metal iron yielded a remarkable result. The potential of a 
rotating iron electrode immerged in 100 em*. of */,, NFeCl*, could 
be affected neither by addition of bromine up to saturation, nor by 
addition of a solution of NaKBr. 

This remarkable result must be explained in the following way. 
As we shall soon see, iron is strongly attacked by a solution of 
FeCl,, and when acted on in this way iron becomes nobler. Now 
Br. also attacks iron pretty strongly, and this attack would undoubt- 
edly also lead to an enobling of the iron surface. Evidently, how- 
ever, the disturbance called forth on attack by Br, is slighter than 
that caused by FeCl,, on accourt of which the addition of Br could 
of course have no influence in the just mentioned experiment. What 
is further most convincingly proved here is this that the iron adso- 
lutely cannot behave as bromine electrode in consequence of the attack. 

This is quite in accordance with what has now been found by 
us, that namely an enobling of the potential of a metal-electrode 
caused by addition of bromine, must be attributed to a disturbance 
of the internal metal equilibrium, at least when the metal is attacked 
by bromine. . 

Chlorine acting more strongly on iron than bromine, it was 
expected that when the former experiment was repeated with chlo- 
rine instead of with bromine, a marked rise of the iron potential 
would be found. As the following table shows, this was actually 
the case. 


Fe-electrode in 100 cm3 of N.FeCl3-solution. 


; ‚ Potential of the Fe-electrode with 
Oene | respectto !/1o Norm. Calomel electrode 
NE TEGE nS eee 
Fe in Norm. FeCl3-solution — 0,292 V 
> 0,108 V 
In a current of chlorine. — 0,184 ,, 


We may be sure that the iron which is strongly attacked by 
chlorine, cannot have behaved here as chlorine electrode, and that 
this experiment therefore proves that we have succeeded also for 
iron in disturbing the internal equilibrium in the surface. 

Another phenomenon which is in perfect harmony with this view, 
and which had already been observed by FINKELSTEIN *), is the elec- 


1) Z. f. phys. Chem. 39, 91 (1901). 
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tromotive behaviour of iron with respect to solutions containing ¢ 
varying ferro- and ferri-ion content, as appears from the following 


table. 


ferrosalt 


Fe-electrode in solutions with varying ratio ———~—— 


Observation 


ferrisalt” 


Potential of the Fe-electrode with 
respect to !/;9 of N. Calomel electrode 


Fe-electrode in 1 N. Ferrosulphate | 


» YN. Ferro + WoN. 
Ferrisalt 


in 1 N. Ferrisulphate 


== 0,622 V 


— 0,400 , 
ae 202) 


As was said in the introduction, the complexity must first be 
proved, and then we may try and decide whether the ions differ 


in valence. 


The theory of allotropy already considered the anodic polarisation 
phenomenon of iron a clear experimental proof, and now the attack 
experiments have furnished in our opinion the first irrefutable proof. 

And now that this stage is reached the electromotive behaviour 
of iron with respect to solutions with varying ferro- and ferri-ion 


content appears in a new light. 


Now that we namely know that iron must contain different metal 


ions, it was natural to try it 
the observed phenomena may 
be accounted for from the new 
point of view on the assump- 
tion that iron contains ions of 
different valence. And really, 
for so far as we can now sur- 
vey the region of the observa- 
tions, this attempt is entirely 
successful. 

If we construct a A,z tigure 
for the system Fe-electrolyte in 
the way as was already indi- 
cated by one of us, the con- 
nection between the pseudo-bi- 
nary and the unary system 
drawn in fig. 1 harmonizes well 
with the experimental facts. 


The stable unary electromotive two-phase equilibrium is indicated 
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by the solution Z and the solid phase S. This solid phase, therefore, 
contains very much of the less noble pseudo component a. The 
metastable unary electromotive two-phase equilibrium is indicated 
by the solution Z’ and the solid phase S’. 

As was set forth before, on anodic polarisation the metal phase S 
will move down along Sd, hence become nobler, whereas the metal 
surface will move upward along Sa on cathodic polarisation, hence 
become less noble. 

The stable unary electromotive equilibrium requires an electrolyte 
which contains only exceedingly few ferri-ions (3) by the side of 
the ferro-ions («). When iron is immerged in a solution of ferri- 
chloride, the system tends to assume unary electromotive equilibrium, 
in which we may assume the metal phase to send ferro-ions into 
solution, whereas ferri-ions are deposited from the solution on the 
metal. 

As follows from the A, x-figure, a solution containing many ferri- 
ions could only be in pseudo-electromotive equilibrium with the iron 
for much less negative potential of the iron. Hence there will be a 
tendency to make the electrolyte richer in ferro-ions, and the metal 
in ferri-ions, but until the unary equilibrium concentration has been 
reached, the iron potential will possess a too small negative value, 
as was also observed. ; 

It is further to be seen that the negative value of the iron poten- 
tial will have to increase in a solution of ferro-sulphate, when 
during the measurement the ferri-ions are precipitated as much as 
possible. 

This follows, indeed, from the following table. 


Initial potential of Fe in !/1o N. FeSO4-solution !) = — 0,538 V 
Potential 3 idem ms with a little NH,CNS =—0,578,, 
” ” idem nein. Sea HPO, =—0,569,, 
2 a idem » y» » NH,oxalate =— 0,555 


The removal of the ferri-ions makes the iron clearly baser. 

It is here the place to point out that in the just mentioned etching 
experiments with chlorine, this substance has only indirectly caused 
etching. It is namely very well possible that the action of the 
chlorine has consisted in this that the ferro-ion emitted by the iron 
is immediately converted into the ferri-ion, in consequence of which 
the electrolyte remains as far as possible from the concentration 
of the unary electromotive equilibrium, and that this gives to 
the electrolyte its maximum etching action with respect to the iron 
electrode. 


1) This solution contained traces of ferri salt. 
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In this case the chlorine would, therefore, indirectly bring about 
an increase of the disturbance of the internal equilibrium. What is 
not improbable for iron, may also be true for nickel in the experi- 
ment with bromine, when namely the nickel possesses ions of 
different valence, but this cannot yet be stated with certainty. 

Besides this figure accounts for the discontinuous course of the 
potential, when passive iron immerged in an iron-salt solution, passes 
into the active form. 

Iron which has passed into the passive state by anodic polarisation 
or by attack with strong HNO,, is greatly enobled superficially, and 
the potential possesses even a positive value. The concentration of 
the surface of passive iron, therefore, corresponds to a point on the 
line eb, and that below the line A—0O. 

When this passive iron is immerged in a solution of ferro-sulphate, 
transformations will take place, in consequence of which the unary 
electromotive equilibrium is approached, and while the potential is 
falling, the metal surface moves upward along be, till it has arrived 
in e. Here a second metal phase must occur, viz. d, and as long 
as the two metal phases occur side by side, the potential of the 
metal remains constant. The phase e must be entirely converted to 
d, and when this has taken place, the potential descends further, 
till the unary electromotive equilibrium has been reached, and the 
metal phase has been superficially transformed into S. 

This is exactly the behaviour that has been observed by many 
others and also by us. According to our measurements the three- 
phase equilibrium cde must lie at + 0,20 V. with respect to */,, N. 
calomel electrode. The place of the dotted line A =O is therefore 
not correct here; it must be thought between ZS and cde. 

We too found that the transition passive-active is accelerated by 
H-ions, and we are therefore obliged to assume that hydrogen is an 
accelerator for the internal transformations in the metal, as are also 
the ions of the halogens. On treatment with strong HNO, and on 
anodic polarisation the hydrogen is superficially removed, and this 
greatly promotes the iniernal transformation, so that the strongly 
metastable state which we call passive iron, is observed for some time. 

Through the diffusion of the hydrogen from within towards the 
surface the passive iron, no longer subjected to the action of strong 
HNO, or anodic polarisation, will soon again return to the active 
form. 

Summarizing we come to the following conclusion. 

1. Farapay’s oxide theory, which seemed already sufficiently 
refuted by others, cannot give an explanation of the origin of the 
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passivity. If a metal is once passive, it can undoubtedly be covered 
by an oxide coat on anodic polarisation, but the formation of this 
coat is a secondary phenomenon. 

Leaving apart whether on anodic polarisation oxygen charges 
give rise to a certain rise of the potential, it should be borne in 
mind that it is exactly the origin of these gas charges that is to be 
explained. Only when the metal during the passage of the current 
undergoes a rise of the potential and the tension of generation of 
the O, is reached, these gas charges can arise, and so a theory 
which purposes to explain the phenomenon of passivity, will have 
to account for this potential rise. 

It follows from this that the theories of FREDENHAGEN, MurHMANN, 
FRAUENBERGER and others leave the essential part of the passivity 
phenomenon an open question. 

3. Our experiments have proved that the phenomenon of 
passivity resides in the metal itself, and that though this phenomenon 
is decidedly a phenomenon of retardation, this retardation is not a 
retardation of the ion hydratation in the electrolyte, as Lr BLanc 
thinks, but a retardation of the ion transformations in the metal- 
surface. 

4. It is perfectly true, as Grave states, that hydrogen accelerates 
the setting in of the electromotive equilibrium. That the hydrogen 
would accelerate the setting in of the heterogeneous equilibrium metal- 
electrolyte, is an untenable supposition. 

The hydrogen accelerates the establishment of the homogeneous 
internal equilibrium, but has often appeared to be inadequate to 
neutralize the disturbance of the equilibrium brought about by etching. 

5. With regard to FINKELSTEIN’s (KRUGER’s) view it might be said 
to be implied in the new conceptions to which the theory of allo- 
tropy has led, but that the said observers, not understanding the 
deeper signification and the drift of their assumption, were not 
able to embody their view in a theory. 

6. W. J. Mürrer’s views, which are only distinguished from 
those of FINKELSTEIN (Kricer) by the assumption that the states of 
different valence formed different phases, are theoretically incorrect, 
and have therefore not led to any result either. 

7. The trustworthy experimental data about passivity mentioned 
in the literature, just as the new results in this department described 
here, can all be easily explained by the application of the theory of 
allotropy to the electromotive equilibria. 

Anorg. Chem. Lab. of the University. 
Amsterdam, Sept. 25, 1914. 
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Chemistry. — “On gas equilibria, and a test of Prof. vaN DER 
Waars Jr.’s formula.” I. By Dr. F. E. C. Sonerrer. (Communi- 


cated by Prof. J. D. van DER WAALS). 


(Communicated in the meeting of Sept. 26, 1914). 


1. Zntroduction. 


It may be supposed as known that the situation of the equilibrium 
of a gas reaction at a definite temperature can be calculated, when 
at that temperature we know the energy of reaction and the variation 
in entropy free from concentration for molecular conversion according 
to the chemical equation of reaction. Both quantities are algebraic 
sums of the energies and entropies of the reacting gases separately, 
in which the terms referring to substances of different members of 
the equation of reaction have opposite signs. Energy and entropy 
of a gas free from concentration are pure functions of the tempe- 
rature ; in the expression for the “equilibrium constant” as function 
of the temperature the transformation energy and the change in entropy 
free from concentration at one definite temperature and the tem- 
perature coefficients of both occur as constants. The transformation 
energy of a great number of reactions may be directly derived from 
BerRTHELOT and THomsksn’s tables; the temperature coefticients are in 
simple relation with the specific heats, and for this a great number 
of data are found in the literature ; the transformation entropy, how- 
ever, is generally not determined directly, but from the chemical 
equilibria by the aid of the above expression. 

If one purposes to calculate the chemical equilibria from caloric 
data, one will have to apply instead of the said mode of calculation 
of the transformation entropy either direct determinations, or another 
mode of calculation, in which exclusively quantities of the gases 
separately are used. The determination of electromotive forces of gas 
cells might be counted among the direct measurements; for the tem- 
perature coefficient of the electromotive force is a measure for the 
transformation entropy. But this method cannot be applied for a 
great number of reactions e.g. for dissociations in molecules or atoms 
of the same kind. 

Hence the calculation of chemical equilibria will succeed only when 
we have a method at our disposal to calculate the entropies of the 
gases: separately or the algebraic sum of the entropies of a gas equi- 
librium from the constants of the substances. 

The thermodynamic entropy of a gas is a quantity, which through 
its definition is determined except for a constant, and it is therefore 


46 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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clear that the above mentioned calculations of the entropy of the 
gases separately have only sense for another definition of entropy. 
If the entropy is defined as a function of the probability of the con- 
dition, it is possible to find a definite value for this entropy ; but 
this value will vary with different meaning of the “probability”. 
Thus the expressions derived by Kersom *), Trrrope *), and SACKUR *) 
for the entropy of gases present differences which are the consequence 
of different definitions of probability. These differences only occur in 
the constant part; if these differences cancelled each other in the 
algebraic sum, a test by the equilibrium determinations could not 
give a decision about the correctness of the entropy values. When, 
however, the algebraic sum of the entropies according to SACKUR 
and Trerropr are drawn up, it appears that these differences continue 
to exist also in the algebraic sums, and it must therefore be possible 
from experimental determinations at least if the accuracy is great 
enough to get a decision which expression is correct. 

While these calculations yield a value for the entropy of the 
gases separately, Prof. van DER Waats Jr. has derived an expression 
for the “equilibrium constant’ of gas reactions, from which the 
algebraic sum of the entropies can be easily derived; the entropy 
of the gases separately is again determined here with the exception 
of a constant. Besides this expression tries to take the variability of 
the specific heat with the temperature into account‘). I intend to 
test this formula and the above mentioned expressions of SACKUR 
and Trrropr by a number of data from the chemical literature. 


2. The expressions for the entropy of gases. 


For monatomic gases Krrsom, Sackur, and Terrope give the value 
for the entropy free from concentration (eventually after recalcula- 
tion) successively by the following expressions: 


r 


3 3 5 3 
je er Bee ~ 5 RinN+>Rinm—8Rinh + C, (dl) 


4 (3 NY 
in which C, represents according to Krxsom & ln nt Ah (++ in = (=) ‘ : 


3 3 
according to SACKUR 5 Rin Ar + 5 R, and according to TrTRODE 


\) Krrsom. These Proc. XVI, p. 227, 669, XVII, p. 20. 

2) Terrope. Ann. de Phys. (4) 88. 434. 39. 255, (1912). 

8) SACKUR. Ann. d. Phys, (4) 36. 958, (1911); 40. 67, 87, (1913). 
4) These Proc. XVI p. 1082. 
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3 5 . : ; 
> Bln 20 + 7 R.*) This value of C, amounts successively to 3,567 R, 


4,257 R and 5,257 A. 
The values given by Sackur and Terropm for di-atomic gases, are: 


5 5 7 3 
Har = Ein Page a. 5 N ae 


9 7 
Py aig ee pg Pelee rn: adel) 


B 
: 3 : 5 t 
in which C, according to Sackur amounts to 5 R, according to 


7 
TETRODE to = R. 


od 


We get for a tri-atomic gas: 


Se ES, 
Fe, =e Bint 3S. Rin R= ARN eget. 


i 
—6 Rink + — Rin MMM = 6 Rin ae oS Bln FC n Gt (3) 


in which C, amounts to 3 R according to Sackur, to 4 R according 
to TETRODE. 

Besides the known values N and h, the moments of inertia of 
the molecules occur therefore in these expressions. For the di-atomic 
molecules M/ is the moment of inertia of the dumbbell shaped mole- 
cule with respect to an axis through the centre of gravity, normal 
to the bar of the dumbbell; for the tri-atomic molecules M,,M, and 
M, are the three chief moments of inertia, which accordingly depend 
on the relative position of the three atoms in the molecule. 

For equilibria in which only mon- or di-atomic molecules parti- 
cipate, the moments of inertia of the di-atomic particles therefore 
occur, which can be approximately calculated from the different 
determinations of the mean molecule radius. For a test of the 
formulae by equilibria of tri-atomic molecules, however, a hypothesis 
concerning the relative situation of the atoms is indispensable, which 
is more or less arbitrary, and can make the test less convincing. 


3. Lhe equilibrium ABZ A-+ B. 
For the simplest gas equilibrium ABA B, in which the 
atoms A and B can be of the same or of different kinds, we 


1) In the expressions of Terrope le. the terms with z are omitted, which 
seems justified. 
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find for the algebraic sum of the entropies free from concentration 
making use of the expressions of § 2: 
Sn = Hi) monat. rae (H. —=1)diat. a 
MAMB 


inh 
MAA MB 


En s l +— l En InN + — l 
R gy R R R R Nn 
n n 


3 1 
i Rin2 ia Rinw—-RlnM+- C, ’ 


in which C, amounts to '/, 2 when Sackur’s values are used, to 
*/, R when Turropr’s values are used. 

Sackur and Terropr’s calculations are based on the following 
assumptions for the specific heats: 

3 5 
Cv monat. = 5 ; Cy diat. — 1 

The value of the transformation energy in its dependence on the 
temperature is therefore given by: 

Sant = ZnET— + */, ET. 

In this expression and the following the molecular values n of 
the substances of the second member of the chemical reaction equa- 
tion are always taken positive, those of the first member negative. 

Inserting these values into the expression for A., we find: 

RT In K, = — ZnEr—o — “|, RT + TinH,= — RT, 
in which “nH, is represented by the above derived expressions. 
We can transform this expression as follows: 
nbr 


il 
InK,. = — Se ror Sen eet 


in which 
3 MAMB De 1 1 
ln€ = 5 In au Er — In 2Nh + Dn Ink — En In2a + C,; (4a) 
C, amounting to —1 according to Sackur’s expressions, to 0 according 


o TRTRODE. 


4. In the fifth communication on the law of partition of energy 
Prof. van per Waats Jr. derives the following equation for the 
dissociation equilibrium of a di-atomie moleenle: 


vh 
E‚— € 


nt @ {mame eli Ol Wee eae 
Ny mA +MB M h 2 an : 


, here represents the transformation energy at the absolute 
zero for one particle; m, and n, represent the number of split and 
unsplit molecules per volume unity; hence we get: 


&— & 
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Sine ni To at nr ned 


BREDE ee RRS) ee 
Equation (5) can, therefore be written in the following form: 


vh 


Site er _ oh 
InK, = — ==" += In T—in M+In (— ze) Ie in Oes GN 
in which 
3 | 1 1 
RANK Sake Ea Sapo) 
2 my4+mpB 2 2 


Equation (6) differs from equation (4) in this that in (6) the term 
with » occurs, which takes a vibration of the two atoms in the 
molecule into account; equation (6a) quite agrees with (da), if in 
the latter Trrrope’s value is substituted; Sackur’s value yields a 
unity difference. 


5. The equilibrium J, E22. 

In the chemical literature a series of acenrate observations occur 
of Starck and BODENSTEIN *); the dissociation constant of iodium 
is given by them in concentrations, i.e. gram molecules per litre. 
The equations (4) and (4a), resp. (6) and (6a) yield for their disso- 
ciation constant: 


= vh 
SnEr-o 1 — — 
ln KsB = — Bi + 5 In T—lnM {inf l—e kT +InC,, (7) 


in which log C, = log C, + 3 (according to Terrope and v. p. Waazs Jr); 
log C, = log C, + 2,566 (according to Sackumr). 
Making use of the values: N= 6.85 10?*. (Perrin), £ = 1.21 10-16, 


127 
h=5.8810—5 m4=mz = ————.,, we find: 
6.85 1023 
log C, = — 36.313 (according to Terrope and van per Waars Jr) 
— 36.747 (according to Sackur) … . … … … . « (74) 


In equation (7) there occur two (resp. three) quantities, which can 
be calculated from the observations: Zn Hypo, M (and v). 

As the term with » can only have slight influence on the result, 
we write equation (7) as follows: 


vh 
1 eer! 
+ log M = — log Ksg + a log T + | tan(1—e kT )| —— 
— 36,313 (resp. — 36.747) . » (8) 
Let us now assume that 2 remains below 20u, which seems justified 


=n ET— 0 
2.303 RT 


1) Zeitschr. f. Elektrochem. 16, 961 (1910). 
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in virtue of the observations of the absorption lines and their influence 
on the specific heats of other gases (see among others BJERRUM); we 
then find as extremes for the term with p: 


3.104. 4.86 .10—1 
zero and log (— 207 


STARCK and BODENSTRIN's observations now yield the following 
table for the terms of 8: 


TABLE I. 


_ | | 
| | | Second member of 8 
t (Cels) | th Ke B 103. log Ks B EGterm);— 50 ly log T 1 Es 
ab Ken asf 1=0 |2=204 


800 | 1073 | 0.129 | 0.111- 4| 0.6931 | 1.515 | — 30.909 | — 31.216 
900 | 1173 | 0.492 0.692—4  0.665—1 1.535 | — 31.470 | — 31.805 
1000 | 1273 | 1.58 | 0.199-3 0.639—1 | 1.852 | — 31.960 | — 32.321 
1100 | 1373 | 4.36 |0.639-—3 | 0.615-1 | 1.569 | — 32.383 | — 32.768 
eS 0.5911 | 1.584 | 32.738 | — 33.147 


Van per WaAAtLs’s equation for 4=0O and Terropr’s entropy 
expressions yield, therefore, the valugs of the seventh column of the 
above table; Sackur’s values always yield 0,4343 less; VAN DER WAALS’S 
equation with A= 20u vields the values of the eighth column. 

If we now write equation 8 in the form: 


sa eel eh (9) 
—— 00 Ms él gps ian ee: Sede 
2.303R A 
we find: 
TABLE II. 
| 6 (ATC, ern EEN (ATC, 
J | Ci ( ol ) = alate Gr Hs nn zoe ( AT ji 
| jn ee 
1073 — 33166 | [83681 — 33494 
| es | SD 88 
1173 — 36915 | = aes — 37308 
| Se — 38.15 — 38.4 
1273 — 40685 — 41238 — 41145 
— 37.8 — 38.2 — 38.5 
1373 — 44462 — 45058 — 44990 
— 81.6 — 38.0 558 
1473 — 48222 — 48862 -— 48824 
| | mean — 37.6 | mean-38.05 mean — 38.3 
| | 
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ATC, 
It will be clear that the values of — — represent the values for 


pad i 
log M calculated from equation (9). Therefore the value of If 
becomes 10-376 according to Trerropr, 10-3805 according to SACKUR, 
10-876 according to VAN per Waats for A= 0, 10-333 for A= 20 pw. 

It is clear from the calculation that the variation of 2 from zero 
to 20m does not cause a change in the order of magnitude of M, 
that therefore the fact that the frequency is unknown yet renders 
the rough calculation of M possible, and that reversely the frequency 
cannot be calculated but from exceedingly accurate observations. 
With the measurements available at present this is not yet possible, 
as appears from table 2. 

If the iodine molecule is represented by two spheres, the masses 
of which are thought concentrated in the centres, and if the distance 
from the centres is d, the moment of inertia with respect to an axis 
through the centre of gravity and normal to the molecule axis is 


d 24 
2m i) . From this follows for the limits of d: 


fol 


iy A d2 
6.85 1023 4 


a value which as far as the order of magnitude is concerned is in 
satisfactory concordance with the diameter calculations according to 
other methods. 

6. Sackur and Trrropr’s entropy expressions which were used in 
the preceding paragraph are founded on the assumption that the 
specific heats of the gases are independent of the temperature; the 
test of these formulae can therefore only be a rough one. *) In the 
expression proposed by Van per Waars, the variability of the specific 
heats is, however, taken into account. 

According to this expression the transformation energy for the 
iodine dissociation is represented by: 


10-376, resp. 10-83 — 2 


or d=1.6.10—%, resp. 7 109 (10) 


a) . Nvh 
So Eee RR Se 6) 


kT _] 


Hence the algebraic sum of the specific heats becomes: 
dy 
dEnE 1 (5 ae al 
——R—R 


Pdr ne EE 
(ari) 
L) A number of calculations of chemical equilibria carried out by the aid of 
his formula are found in Sackur. Ann, d. Phys. (4) 40. 87 (1913). 
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The specifie heat of the two iodine atoms is 3 R, that of the 


iodine molecule therefore 
hy 


©: fo ween eae 12 
Mee je RE Md 
1) 


ek ee 


The real specific heat of iodine at 300° C. is according to STRECKER 
8.53 — 1.985 = 6.545. If this expression is substituted for (12), the 
equation is satisfied for 2 — cir. 15 u. If we use this value for equa- 
tion (8), we get in analogy with tables 1 and 2: 


TABLE III. 


| Second member | TC 
t(Cels) | C-term)) _ 45, | of 8 | (709); 15, (EF 
" | J 15 LT J) =15p 
800 0.775—1 — 31.134 — 33406 
— 38.01 
900 0.751—1 — 31.719 — 37207 
— 38.25 
1000 0.728 —1 — 32.232 — 41032 
— 38.35 
1100 0.705—1 — 32.678 — 44867 
| — 38.21 
1200 0.684—1 — 33.054 — 48688 
mean — 38.20 


This value yields for the atomic distance: 
d= 0.82 10-5 en. 


If this value is compared with that for the mean molecule radius, 
which has been determined in three different ways, it appears that 
the value for the atomic distance as it is found above, is smaller 
than the mean molecule radius. We must derive from this that 
the atom centra in the iodine molecule lie closer together. Remark- 
able is the agreement of the found d-value with that of the atom 
distances, which were calculated by Manprrsroor from the width 


TABLE IV. 
a 
Gas — Radius of Inertia 108 
CO 0.566 
HCI 0.22 
HBr 0.165 


Je 0.41 
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of the infra-red bands for three gases '). This agreement appears 
from the foregoing table, in which the values of the three first 
mentioned gases are derived from Manprrstoort. 

I hope soon to come back to the application of the used expres- 
sions to some other equilibria. 


Postscript. During the correction of the proofs a treatise by 
O. Stern in the Annalen der Physik of June came under my notice, 
in which an expression is derived which shows close resemblance 
with that of Prof. van per Waats. Application on the iodine 
equilibrium can also here lead to a small moment of inertia, which 
is however considered improbable by SrekrN. 


Amsterdam, Sept. 1914. Anorg. Chem. Laboratory 
of the University. 


Chemistry. — “Hquilibria in the system Pb—S—O, the roasting 
reaction process’. By Prof. W. Reinpers. (Communicated 
by Prof. 5. Hoocrwrrrr). 


(Communicated in the meeting of Sept. 26, 1914). 
Introduction. 


1. The manufacture of galena into metallic lead is mostly carried 
out in this manner that the sulphide is first partially roasted and 
the mass then again strongly heated with unchanged or freshly 
added lead sulphide out of contact with air. Lead is then formed 
with evolution of SO,. 

The reactions that take place in this process known under the 
name of ‘Rostreactionsarbeit” are generally given in the text-books 
as follows: 


PbS + 20, = PbSO, 

2 PbS + 30, — 2 PbO + 2 80, 
and then: PbS + PbSO, = 2Pb + 2 SO, 

PbS + 2 PbO — 3 Pb + SO, 


1) ManpersLoor. Thesis for the- Doctorate. Utrecht. 1914, 
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For a proper insight into this process and to answer the question 
whether these reactions actually do take place it is necessary to 
study the equilibria between the different phases that may be formed 
therein. 

After various older researches among which deserve to be men- 
tioned those of H. C. Jenkins and KE. H. Smits *), a systematic 
research as to these equilibria was carried out some years ago 
by R. Sonenck and W. RassBacn ’). They determined the equilibrium 
pressure of the sulphur dioxide evolved when three of the four 
phases PbS, PbSO,, PbO and Pb are heated together in an evacuated 
tube at 550° to 900°. 

The conclusions which they drew from these measurements as to 
the nature of the equilibria occurring therein could, however, noi 
be correct in many respects. Their idea has in fact been consider- 
ably modified in various subsequent publications thereon *). . But 
even the last concluding articles still contain many contradictions 
so that it is not plain what equilibria they have actually determined 
and which phases are stable in the presence of each other. 

In the following will, therefore, be discussed (1) the different 
equilibria imaginable in this system and (2) the results will be 
communicated of researches which in consequence thereof have been 
carried out conjointly with Dr. F. GOUDRIAAN. 


2. The equilibria between Pb and the compounds PbO, PbS, 
PbSO, and SO, may be considered as those in a system of three 
components, namely Pb, O, and S. The isotherm for the equilibria 
between the different phases can, then, be indicated by a triangle 
with these components as apexes. (See fig. 1). 

Let us now first suppose that 

a. only the phases Pb, PbS, PbSO,, PbO and SO, are possible 

Db. the gaseous phase is pure SO, and the lead phase pure lead. 

In the last supposition we therefore neglect the small amount of 
PbS in the vapour and the solubility of PbS in molten lead; in the 
first supposition no notice is taken of the basic sulphates which 
according to the later researches of ScHENCK and RassBacH *) occur | 
as intermediate phases between PbSO, and PbO. 


1) Journ. Chem. Soc. 71, 666 (1897). 

2) Ber. d. d. chem. Ges. 40, 2185 (1907). Metallurgie 4, 455, (1907). 

3) Ber. d. d. chem. Ges. 40, 2947 (1907); 41, 2917 (1908). R. Scuenck, Physi- 
kalische Chemie der Metalle. 

4) Ber. d. d. chem. Ges, 41, 2917, (1908). 
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We shall see later how the 
deduced equilibria are being mo- 
dified when we drop these sim- 
plifications. 


3. Let us imagine PbS heated 
at constant temperature between 
600° and 800° in an enclosed 
space wherein a limited quan- 
tity of oxygen is forced. PbS 
is then partly converted into 

Fig. 1. PbSO,. 

The two phases will be capable of existing in the presence of each 
other and in an unchanged condition at a series of temperatures 
and pressures. 

If on lowering the pressure this falls below a certain limit, one 
of the two following reactions will take place 


PbS -—- PpsO; = 2 Pb -b 280, Po hy 
or PbS + 3 PbSO,—=4 PbO +480, ... . (9) 


In both cases there are formed in addition to the two existing 
solid phases two new phases, namely fused Pb and SO,-gas, or solid 
PbO and SO,-gas. Hence, between these four phases a monovariant 
equilibrium will set in, which, at a constant temperature, is possible 
only at one special pressure. This will be p, or p,. 

Only in a very special case, namely with an eventual transition 
point where the five phases PbS, PbSO,, PbO, Pb, and SO, might 
coexist, p, and p, are equal. As a rule, however, they are not and 
in consequence only one of the two monovariant equilibria can 
be stable. 

For if p, > p, the reaction (1), in the presence of the five phases, 
will take place from the left to the right and the SO, formed act 
on PbO according to equation (2) in the direction —. Hence, the two 
reactions together result in the following conversion: 


2 PbS +2 PbSO, =4Pb +480, 
480, + 4PbO — 3 PbSO, + PbS 
Pos 4 PhO. APN Bet een 


This transformation takes place until one of the phases of the 
first member of the equation is used up, whilst the other with Pb 
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and PbSO, is left. PbS and PbO are, therefore, not capable of 
existing side by side of each other. 

If, conversely p, < p, the different reactions take place in the 
opposite sense and Pb and PbSO, recede from each other. 

Hence, of the phase pairs Pb + PbSO, and PbS + PbO only 
one can be stable, the other forms a metastable equilibrium. 

Here we have a case quite similar to that occurring with reci- 
procal salt pairs where also only one of the two pairs can be stable. 


4. Let us now also consider the two other monovariant equilibria 
which may be assumed to exist with SO,-vapour and which are 
indicated by the equations 


3 PbO.4- PhS: S23 Pb. 4-80; An 
Pb <¢ PbS. 2 PbO 4°50; 2. E 


In the case p, >> p,, it follows at once from the incompatibility 
of the phases PbS and PbO that the equilibrium (4) can be stable, 
but not equilibrium (3). 

Moreover, we then must have p, > p, for otherwise after the 
reaction (1) in the direction — might follow the reaction (3) in the 
direction < which reactions might jointly cause the conversion (5) 
in the direction <—, which is in conflict with the premiss. 

Finally we shall have p,<p,, for then the stable equilibrium may 
also be again attained by the reaction (2) in the direction — followed 
by (4) in the direction <—, namely: 


PbS +3 PbSO, — 4 PbO + 480, 
480,-+8PbO —4Pb+4PbsO, 


PbS + 4 PbO —4Pb-+ PbSO, 


Hence, we get this result: 

If Pb + PbSO, forms the stable phase pair, then’ only the mono 
variant equilibria (1) and (4) are stable and p, > p, > Pp. > Pe 

if PLO + PbS form the stable phase pair, all the reactions 
occur in the opposite sense and only the monovariant equilibria (2) 
and (3) are stable, whereas then p, > ps > Pi > Pe 


5. Starting from the mixture of PbS and PbSO, (for instance a 
in fig. 1) we will, on withdrawal of SO, travel either through the 
monovariant equilibria (1) and (4) (region PbS, PbSO,, Pb and region 
PbSO,, Pb, PbO of Fig. 1) or the equilibria (2) and (3) (region 
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PbS, PbSO,, PbO and region PbS, PbO, Pb) to finally retain the 
equilibrium Pb + PbS or Pb + PbO after eliminating the SO, as 
much as possible. 

Hence, the reactions (1) and (3), which are generally quoted as 
taking place in the roasting reaction process cannot possibly indicate 
both stable equilibria. 

Of the p-T-lines which Scurnck and Rosspacn determined by addi- 
tion of PbSO,, PbS and Pb and of PbS, PbO and Pb one at least 
must, therefore, indicate an instable equilibrium or an equilibrium 
between phases other than those which were brought together in 
the reaction tube. 

We will see later that both equilibria are metastable and that the 
pressure lines recorded by them relate to the equilibrium between 
other phases. 


6. The supposition made in (2) sub a is not correct. Between 
PbSO, and PbO there still arrive three basic salts as intermediate 
phases, namely PbO. PbSO,, (PbO), PbSO, and (PbO), PbSO,. The 
first of these can be in equilibrium with PbSO,. 

The four monovariant equilibria mentioned in (3) now become: 


Bushs Qe) Phe ASM le ja nent eas eer as dan 
PbS + 7 PbSO,— 4 PbO. PbSO, +480, « .. . () 
2PEO .PbSO,-- BPS == 7Pb +E SOL 2) 4018) 
Pira PSO, = 2 PHO: PLO, S052) 40, 8 @ 


and the alternative found must read: 

either Pb + PbSO, stable and then p, >p, >> p, >> p‚ and only (1) 
and (2) stable, 

or PbS + PbO. PbSO, stable and then p, <p, <p: << p, and only (2) 
and (3) stable. 

Experimental. 
(conjointly with Dr. F. Gouprtaan). 

7. In order to investigate which of these two phase pairs was 
stable and at the same time to know the SO,-pressnre of the stable 
equilibrium, an intimate mixture of PbS and PbSO, (6—8 grams) 
was heated in a porcelain tube connected by means of a ground 
joint with a manometer and an air-pump. 

The lead sulphide was precipitated from a solution of lead acetate 
with H,S and after washing, dried by heating in a current of nitrogen 
at 200°—300°. 

The lead sulphate was precipitated from a solution of lead acetate 
with sulphuric acid and also dried at 300°. 
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The mixture was introduced in a porcelain boat. The remaining 
space in the reaction tube was occupied by a porcelain rod so as 
to render the gas-volume as small as possible and thus to accelerate 
the setting in of the equilibrium as much as possible. 

The heating took place in an electric furnace. The temperature 
was measured with a Pt-PtRh thermocell and a galvanometer. 


8. Although the reacting substances had been previously dried at 
300° there still was evolved, on heating at 500°, in vacuo, a little 
moisture, which condensed in the colder part of the tubes and was 
removed by a repeated evacuation and gentle heating. 

Subsequently the dissociation pressure was measured at different 
pressures between 500°—700". 

The equilibrium set in very rapidly so that when the tempe- 
rature had been raised and more gas began to evolve there 
could generally not be noticed any change in pressure after 20—30 
minutes. Then a further evolution of SO, was caused by a short 
heating at a somewhat higher temperature and after cooling to the 
original temperature the course of the absorption of the SO, was 
recorded. This also took place very rapidly. The equilibrium was 
thus attained from both sides and yielded figures which differed 
from each other at most 2 or 3 m.m. Also the same pressure again 
set in after an evacuation. The equilibrium is, therefore, independent 
of the total composition, which was confirmed by a change in the 
proportions of PbSO, and PbS. 

The results are contained in table I. (Fig. 2 Curve I). 


TABLE 1. 


E, el 7 


| 
7 PbSO, on 1 PbS || 5 PbSO; on-1 PbS | 


| 3 PbSO, on 1 PbS 

é | 

Er pale see aes p ae zi p 
582° 26 604 50 30 
606 56 634 100 620 72 
630 94.5 660 185 | 670 222 
655 156 688 346 
680 | 280 | 


After the tube had been evacuated a few times and a certain 
quantity of the dissociation product might thus have been formed, 
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and as it had been shown that always the old equilibrium again set 
in, the oven was allowed to cool and the tube was withdrawn. 

The reaction product was strongly caked and of a lighter colour 
than the original mixture of PbS and PbSO,. Here and there were 
visible granules with a strong metallic lustre so that at first the 
suspicion was raised that lead had formed as a reaction product. 
On closer examination by means of a magnifying glass these granules 
proved to be very beautifully formed erystals of ‘galena” which 
had deposited, besides in the reaction mass, also against the porcelain 
boat and the extremity of the porcelain rod. The analysis showed 
this to be perfectly pure PbS, whilst in the reaction product itself 
not a trace of free lead could be detected. 

Hence, no lead has formed so tbat the reaction product must be 
basic lead sulphate. PbS + PbO.PbSO, form the stable phase pair, 
Pb + PbSO, the metastable one. 


9. This was confirmed by the following experiment: 

An intimate mixture of PbSO, and finely divided lead scrapings 
in the proportion of 10 PbSO, to 1 Pb was heated in an evacuated 
and sealed tube for 3 hours at 600°. 

The product obtained gave with hydrochloric acid a very distinct 
evolution of H,S. 

A weighed quantity was now heated in a small flask with strong 
hydrochloric acid and the gas expelled collected in an ammoniacal 
solution of hydrogen peroxide. This solution was boiled for a while, 
then acidified, and the resulting H,SO, precipitated as BaSO,. 

Five grams of mixture containing originally 0,380 gram of Pb, 
yielded 0,040 gram of BaSO,, equivalent to 0,041 gram of PbS. 

- According to the equation: 


4 Pb + 5 PbSO, — 4 PbO . PbSO, + PbS . . . (5) 


0,142 gram of Pb has been required for this 0.041 gram of PbS. 
Although the lead has not yet entirely disappeared, a considerable 
quantity of the same has been converted into PbS’). 


10. The pressures observed almost entirely agree with the values 
found by ScneNeK and RassBacH for the mixture of PbS+PbSO,+Pb 
as well as for PbS + PbSO,-+ PbO. They conclude that the pressures 


1) Afterwards it came to our knowledge that also Jenkins and Smita (le. p. 691) 
had already made an experiment from which this is shown. They heated a mixture 
of equal molecular quantities of Pb and PbSO, in a porcelain crucible at dull red 
heat for half an hour; from the residual mass could be expelled with HCl 
a quantity of HS corresponding with 1,41°/) of sulphur. 
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relate to the equilibrium between the first three phases and that the 
second trio is not stable. From the preceding it follows that both 
equilibria are metastable and that the pressures recorded relate to 
the equilibrium PbS, PbSO,, PbO.PbSO,, SO, 

The fact that the lead present exerts so little influence on the 
equilibrium pressure proves that reaction (4), which should lead to 
a higher pressure p, and the reactions (1) and (3) in the direction 
<— which should lower it either compensate each other or, in com- 
parison with the reaction (2) proceed so slowly that they do not 
perceptibly alter the pressure. Probably the more finely divided 
lead is soon converted and the remaining lead, united to larger 
drops, offers such a small surface of attack that it can react but 
very slowly. 


11. When now from the PbS + PbSO, so much SO, has been 
abstracted that all has passed into PbS + PbO.PbSO, the equili- 
brium has become divariant. The residual phases will be capable 
of existing by the order of cach other in a series of pressures < p,. 

If, however, the pressure falls below a definite limit, a third 
condensed phase appears. Two phases are concerned here, namely 
Pb and (PbO),.PbSO,. 

As noticed in the case PbS + PbSO,, only one of the two can 
be in stable equilibrium with PbS and PbO.PbSO,. 

This depends on which of the phase pairs PbS + (PbO), PbSO, and 
Pb + PbO.PbSO,, which can be converted into each other by 
double decomposition : 


PbS + 5 (PbO), PbSO, 24 Pb + 6 PbO.PpsO, |S Gn 
is stable. 


12. In order to investigate this an intimate mixture of finely 
divided lead scrapings and basic lead sulphate in the molecular 
proportion of 3:41 was heated for three hours in an evacuated and 
sealed tube at 670°-—680°. 

The PbO.PbSO, bad been prepared by the moist process, accord- 
ing to D. SrrÖMHOLM ®), by digesting finely powdered PbSO, with a 
1—2°/, NH,-solution. The analysis of the product obtained gave 
81.88°/, PbO, theory for PbO.PbSO, 84,79°/,. 

The heating of the mixture Pb + PbO.PbSO, yielded apparently 
a but little changed product. It gave, however, a slight sulphide 
reaction. Thus it seemed that the mixture selected did not form the 


1) Zeitschr. f. anorg. Chem. 38, 429 (1904). 
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Stable phase pair. We must, however, consider that the lead phasé 
need not be pure Pb, but may contain dissolved PbS and hence 
there exists the possibility that the PbS found was present, not asa 
free phase, but as a solution in the molten Pb. 

The amount of PbS was, therefore, determined quantitatively. 

From two grams of the mixture were obtained 17,4 mg. of BaSO, 
corresponding with 17,8 mg. of PbS. For the formation of 17,8 mg. 
of PbS according to reaction (6) are required 70 mg. of Pb. Before 
the heating 2 grams of the mixture contained 1,082 grams of lead. 
Hence, there remains 1,022 gram of Pb, which in 100 grams contains 
17,8 
1022 

From the observations of Frinprich and Leroux ') it follows that 
the lead solution saturated with PbS at 680° contains 2,5°/, PbS. 
Hence the PbS will be present in the heated mixture not as a free 
phase, but as a solution in Pb, and Pb + PbO.PbSO, will form 
the stable phase pair. 


xX 100 =1,77 grams of PbS. 


13. This conclusion was further confirmed by the dissociation 
experiments, starting from a mixture of PbS and PbO.PbSO,. 

These experiments were conducted in a manner similar to that 
in the case of PbS and PbSO,. The SO,-evolution started at 680°. 
The equilibrium set in quite as easily as with PbS + PbSO, and 
could be determined readily from both sides. Also, after removal of 
larger quantities of SO,, the same equilibrium pressure was again 
always obtained. In order to prevent fusion the mass was not heated 
above 800°. 

The results obtained are united in table II (Fig. 2, Curve II). 


TABLE II. 

t p 
712 21.5 
740 63 
150 78 
753 87.5 
770 123 
790 233 


1) Metallurgie 2, 536 (1905). 
47 
Procecdings Royal Acad. Amsterdam. Vol. XVII. - 
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These values correspond very well with the présstres found by 
Scuenck and RassBacH with a similar mixture and with a mixture 
of PbS + PbO which has been heated above 800° and then cooled. 

On opening the apparatus it appeared that the reaction preduet, 
although not fused, had strongly caked: the porcelain boat was 
strongly attacked and on the rod a sublimate of very beautiful 
PbS-erystals had again deposited. It was not doubtful that the 
reaction mass contained metallic lead; there could be found large, 
soft paper-marking and malleable particles. Finally, it was proved 
by extracting a portion of the reaction product first a few times 
with ammonium acetate and then with lead acetate. All the PbSO, 
and PbO then dissolves. The residue was treated with fuming HNO,, 
which converts the PbS quantitatively into PbSO,. After expelling 
the HNO, and filtering off the PbSO,, any Pb formed eventually as 
Pb(NO,), must be present in the filtrate. 

The filtrate gave a strong lead reaction. The reaction mass thus 
contains metallic lead. 

Hence Pb + PbO.PbSO, are the stable phase pair and the pressures 
measured relate to the reaction: d 


2 PbO.PbSO, + 3 PbS.—=7 Pb +580,. . . . (% 


14. From the above it follows that with a sufficient excess of 
basic lead sulphate the end of reaction (7) will be a mixture of 
PbO.PbSO, and Pb. (In the latter, however, a little PbS will still 
be dissolved). 

This equilibrium is divariant and, on a sufficient reduction of 
pressure, will pass into a monovariant equilibrium. 

The third condensed phase occurring therein cannot be a second 
metallie phase for the solution of PbS in Pb already present is 
mixable with pure lead in every proportion. 

Hence, it must be the basic sulphate (PbO), . PbSO, which follows 
the PbO.PbSO, and the reaction occurring is indicated by the 
following equation : 

Pb + 4 PbO.PbSO, = 3(PbO), PbSO, +50, . . . (8 

The monovariant equilibrium of this reaction will in turn be 
followed by still two other monovariant equilibria wherein occur 
the reactions represented by the equations: 

Pb + 5 (PbO), PbSQ, — 4 (PbO), PbSO, +50, . . 9) 
Pb -F(PbO), BSO 4 PbU 580 et eo 

In these reactions primary formed lead therefore disappears on 

behalf of PbO until, finally, only Pb + PbO. is, left, 
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15. Pressures appertaining to the first monovariant equilibrium 
were obtained by starting from a mixture of Pb and PbO. PbSO,. 

Not until 700° an evolution of gas was perceptible. The equilibrium 
sets in with much greater difficulty than in the first two cases; 
generally two or three hours were required. Probably this is due 
to the fact that the metal conglomerates and thus offers but a small 
contact surface with the basic salt. It is also very certain, however, 
that the greater vapour tension óf the PbS will have strongly promoted 
the setting in of the previous equilibria of which PbS was one of 
the active phases. The equilibrium could again be attained from 
both sides. 

The following pressures were measured (Fig. 2 Curve III): 


TABLE III. 

t Pp 
750° 36.5 
71 61 
189 98 


The tube was subsequently evacuated at 789° and the equilibrium 
pressure again determined. This proved to be unchanged. Even on 


700" 
Fig. 2. 
evacuating a second time the pressure reverted to its old value. The 
pressures measured therefore relate to a purely monovariant equilibrium. 


a 
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16. Without opening the apparatus the experiments were now 
continued with the same mixture at 789> The tube was, therefore, 
evacuated for the third time and then again a few times and each 
time the equilibrium pressure was again measured. It now appeared 
that the old pressure no longer set in, but that a lower pressure 
was attained and the more so when more SO, had been withdrawn. 
In succession were found 93, 75, 61, 54, 41, 34, and 28 m.m. 

This different behaviour can be explained in two ways. 

1. The equilibrium is no longer monovariant, but divariant. Instead 
of three solid phases there are only two, one of which possesses a 
variable composition. This phase might be a very basic sulphate 
with a variable content in PbO. The fusion diagram PbO — PbSO, 
of Scuenck and RassBacn gives, however, but little support to this 
conception. 

2. The pressures measured are not true equilibria pressures, but 
indicate a stationary condition. 

For if, on evacuating, the pressure falls below the equilibrium 
pressure of equibrium (9) the basic sulfate (PbO), PbSO, can decom- 
pose still further and give rise to the formation of (PbO), PbSO, . 
Pb + PbO. PbSO, then strive, according to reaction (8) towards the 
pressure p,, (PbO), PbSO, + SO, according to reaction (9), however, 
in the direction — towards p,. And when finally both reactions 
take place with equal velocity, we obtain an apparent equilibrium 
at a pressure between p, and p, and dependent on the quantities 
of the different phases. 

It is even possible that PbO is also formed and that reaction (10) 
thus takes place simultaneously. 


17. The second assumption was the most probable one. In order 
to test it more closely a mixture of Pb and (PbO), PbSO, was heated 
in the pressure tube. From this mixture PbO only can be formed 
as the third phase so that only one reaction, that of the monovariant 
equilibrium (10), should be possible. 

(PbO), . PbSO, was obtained by fusion of 1 PbSO, with more than 
3 PbO. As porcelain is strongly attacked by PbO, the mixture was 
heated in a magnesia boat previously heated and saturated with 
lead oxide. 

The result of the measurement at 780° was p = 23, after evacua- 
tion at the same temperature again 22 m.m., then at 800°, 38 and 
after evacuation successively 30, 22, 16 m.m. Thus no constant 
equilibrium is attained. 

On opening the pressure tube nearly all appeared to have been 
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fused and run through the boat although the temperature had not 
got above 800°, whereas the eutecticum of PbO and (PbO), . PbSO,, 
according to SCHENCK and Rasspacn is at 820°. Probably the MgO is 
attacked by the PbSO,. The want of a suitable material which is 
attacked neither by PbO nor by PbSO, or Pb at this high tempe- 
rature renders a correct determination of dissociation pressures for 
reaction (9) and (10) a matter of great difficulty. 

If we accept the value of 20 mm. at 780° as the correct one for 
the equilibrium (10), the p-7-line for this equilibrium would then 
run as indicated by line V in fig. 2. 

The p-7-line of equilibrium (9) then lies between III and V and 
is indicated schematically in Fig. 2 by line IV. 


18. Although from the preceding it is evident that PbS and PbO 
cannot be.coexistent, a few experiments were made nevertheless in 
order to confirm this opinion. 

SCHENCK and RassBacH in all their publications consider the equili- 
brium PbS and PbO to be stable although in their dissociation expe- 
riments it had already been shown that with such a mixture repro- 
duceable pressures were not always obtained, for instance if the 
temperature had been raised to above 800°. They also noticed the 
formation of sulphate, but assume that this can only be formed at 
a high temperature and then remains intact on sudden cooling to 
the dissociation temperatures. 

We have now heated an intimate mixture of PbO + PbS for 
some hours at 600—700° in an evacuated and sealed tube. 

The reaction product perceptibly contained sulphate. This was 
estimated quantitatively by boiling a weighed quantity of the product 
with aqueous sodium hydroxide and then passing CO,. The PbSO, 
present is then converted into PbCO,. After filtering and acidifying 
the filtrate the sulphate was precipitated as BaSO,. A check analysis 
was also made on a portion of the mixture that has not been sub- 
jected to heating, under exactly the same conditions of boiling ete. 


Mixture of 4 mols. PbO to 1 mols. PbS. Temperature 670—680’ 
Time of heating 0 ia 3 6 hours 
Gram of BaSO, per gram of mixture 0,0498 0.0758 0,1000 0.1121 
Additional sulphate formed on 

heating at 680° 
in gram of BaSO, per gram of mixture — 0.0260 0,0502 0.0623 


If the mixture had been converted completely into basic sulphate 
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according to the equation 5 PbO-+ PbS = PbO PbSO,-+ 4 Pb, 1 gram 
of the mixture should have yielded 154 mg. of BaSO,. Hence, a 
large proportion of the PbO + PbS has been converted. *) 

The pressures which Scuenck and RassBacn observed with a mix- 
ture of Pb + PbO + PbS do, therefore, probably not relate to an 
equilibrium of these three phases with SO,, but to another equilibrium. 

By a comparison of their observations with our measurements it 
appears that on heating at temperatures below 800° this -is the 
equilibrium: Pb + PbO. PbSO, + (PbO), PbSO,, and on heating above 
800° and then cooling, the equilibrium: Pb + PbS + PbO. PbSO,. 

Also below 800° however, this latter equilibrium sets in, which 
with a sufficient excess of PbS is the most stable, as shown from 
the following experiment: 

A mixture of + mols. of PbO to 1 mol. of PbS was heated in: 
a pressure tube. The evolution of gas started at 660°. After evacua- 
tion the following change in pressure was observed at 750°. 


time in min. pressure 


0 5 

7 14 
20 26 
J+ 33 
42 30 
70 41 
100 44 
160 53 
220 65 
280 74 
340 81 
400 83 
460 83 


The pressure thus rises rapidly to + 38 m.m. and then increases 
gradually to 83. 

The first pressure falls on the p-7-line of Pb + PbO.PbSO, + 
+ (PbO), PbSO,, the second on that of Pb + PbS + PbO.PbSO,. 

Similarly was found with a fresh mixture on heating at 790° a 


1) The high result of the sulphate content in the check experiment is very 
striking, because both the PbO and the PbS employed were free from sulphate. 
Evidently the conversion of PbS + PbO into sulphate takes already place at the 
boiling heat in the aqueous solution, from which it follows that also at the 
ordinary temperature PbS and PbO are nol stable in each other’s- presénee. 


ae 


AV 


first halt at + 100 m.m. and then a slow rise to 236 m.m. Both 
pressures are again situated on the above cited p-7-lines. 


CONCLUSION. 


19. Summarizing it thus appears that on abstraction of SO, from 
a mixture of PbS and PbSO,, the subjoined monovariant equilibria 
are successively met with, which are indicated in fig. 3 by the regions 


a MEIN and. V. 


PbS—PbSO,—PbO.PbSO, . . . I 
jig (eee led Cr as ae er IE 
Pb,—PbO.PbSO,—(PbO),.PbSO, . HI 
Pb.—,PbO),.PbSO,—(PbQ),.PbSO, . IV 
Bbg—(PbO), Pbs0.— PbO... 6250.40 V 

The lead phase may contain a 
little PbS in solution. As the con- 
tent thereof varies in the different 
equilibria, this difference is repre- 
sented by the indices a, b etc. 
Probably, however this sulphide 
content is very small. 

Fig. 2 indicates the pressures 
in these monovariant equilibria 
and the changes thereof with the 
temperature. 


Is) 


Fig. 3. 
Therein ce, A is the existential region of PbS + PbSO, 
0) ER i ‘3 » 9 PbSO, + PbO. PbSO, 
» EN Cr oe 5 é, oe hee OL Phew Pb 
” ete eee a ii vane OO) PbSO, -E Pb 
» ee, 5 see ys (E DO}; PbSO, + Pb 
ire al Sl SS ¥ ordre DOSE Pb: 


Hence, at the temperatures and pressures of region # all the 
sulphur will have been expelled from the roasting material. 


20. By substituting the values found in table 1 first series in 
Q 
4,571 T 
thus obtained in pairs, Q, was calculated for the reaction: 

PbS + 7 PbSO, = 4 PbO. PbSO, + 4 SO, +4 Q, 


the equation log p= — + C and combining the equations 
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and as mean value was found — 38390 cals. Applying the samé 
principle to the p-Z-values of table 2 we found as the mean value 
for Q, in the reaction: 


3 PbS + 2 PbO.PbSO, = 7 Pb + 5 SO, + 5 Q, -— 54324 cal. 


In order to check these figures we eliminate the unknown heat 
of formation of the basis sulphate from these equations: 


PbS + 7 PbSO, = 4 PbO. PbSO, + 450, — 4 X 38390 cal. 
6 PbS+ 4 PbO. PbSO, = 14 Pb +10 SO, —10 & 54324 cal. 
7 PbS + 7 PbSO, = 14 Pb + 14 SO, — 696800 cal. 
PbS + PbSO, = 2 Pb + 2 SO, — 99543 cal. 
From the molecular heats *) 
PbSO, = 216210 cal. 
BbS: ==. 18420 5, 
S0.==~ 71080 ;, 


the calculation for the above reaction at 20° gives — 92470 cal. 
The agreement is tolerable. 


Delft. Inorg. and phys. chem. Laboratory 
Technical University. 


1) LANDOLT. BORNSTEIN, Phys. Chem. Tabelle 1912, 870 and 853. 
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Physics. — “On the structure of the absorption lines D, and D,”. 
3y Dr. G. J. Erras. (Communicated by Prof. H. A. Lorentz). 


(Communicated in the meeting of April 24, 1914). 


Some time ago Prof. H. A. Lorentz drew my attention to the 
results of an investigation by Miss G. v. Usiscn’). From phenomena 
observed by the writer during the investigation of the polarisation 
state of light emitted by a sodium flame in a magnetic field after 
it had passed through a tube filled with absorbing sodium vapour, 
she infers that the wave length for which the absorption of the 
vapour is a maximum, depends on its temperature, and in such a 
way too that on rise of temperature a displacement towards the 
red takes place. The amount of this at 270° would be about 0.17 A.U. 
with respect to the emission line. It seemed worth while to ascertain 
this result by direct observation. During the summer months of last 
year Dr. W. J. pr Haas and myself occupied ourselves with this question. 

At first we intended to use an échelon-spectroscope for these researches, 
observe by the aid of this the spectrum of a monochromatic source 
of light, and then superpose the absorption lines of sodium vapour 
on this. This vapour was in an iron tube, closed on both ends by 
plates of selected plate glass, and provided with water cooling; in 
the middle the tube, whieh contained there a vessel of metallic 
sodium, could be heated. Such tubes were used by R. W. Woop 
for the investigation of fluorescence of sodium vapour. First a blow- 
flame served as monochromatic source of light, which was blown 
by means of air in which a very finely divided solution (mist) of 
soda was suspended. Afterwards the flame of a Méker-burner was 
preferred, burning in an atmosphere in which a mist of soda was 
also suspended. This was reached by placing the flame inside an iron 
exit tube, at the bottom of which a reservoir was attached, which 
was in communication with the air, and into which the soda-mist 
was blown by means of an aspirator. This method appeared very 
efficient to obtain a sodium flame of constant intensity, which is 
moreover easy to regulate. 

The lines obtained by means of this source of light, were too 
broad for the investigation with the écheion-spectroscope when the 
intensity of the light was sufficient for the observation, the self- 
reversal moreover being very troublesome then. If on the other 
hand, the light intensity was diminished till the lines were narrow 
enough, the intensity was again too slight for the observation. 


1) G. v. Usiscu. Inaug. Diss. Strassburg. 1911. Ann. d. Phys, 35. p. 790; 1911, 
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We have therefore then tried to see the phenomenon directly by 
means of the spectrometer, which served for provisional dispersion 
in the experiments with the echelon spectroscope. We were of 
opinion that, the dissolving power of the prism system amounting 
to 60.000, it must be possible to observe in this way a displacement 
of the above given amount. Nothing was to be detected of this, 
however. It is true that the at first narrow absorption line (which 
has originated by self-reversal in the sodium flame) widened considerably 
on the heating of the Woop tube up to about half the distance of 
the two D-lines, but a displacement could not be perceived. 

On account of Dr. pre Haas’ return to Berlin we had to stop our 
joint observations at this point, and I continued the research alone. 

First I tried to obtain comparatively narrow emission lines, which 
should be intensive enough to superpose the absorption lines on 
them in the investigation with the échelon spectroscope by electric 
discharges in a heated evacuated Woop tube with sodium. This, 
however, appeared impossible, the width remained considerable, and 
the self-reversal troublesome. | 

Then I took another course, and used an arclamp as source of 
light. To obtain monochromatic light I used the above mentioned 
spectrometer as monochromator, diminishing the widths of the slits 
so that the issuing light comprised a range of only about 0,5 A. U., 
for some observations 0,4 A.U. In this case the adjacent spectra 
will overlap only for a small part, as the distance between two 
successive orders amounts to 0,39 A.U. The dissolving power of 
the échelon spectroscope, which consists of 30 plates of 14,45 m.m., 
amounts to 450.000 *) for D-light. 

The absorption lines of the are of light, which are’ caused by 
the sodium vapour present in it, appear, observed in this way, to 
be double. Both for D, and for D, there are two maxima of absorp- 
tion, which are somewhat sharper for D, than for D,, and the 
distance of which is smaller for D, than for D, under for the rest 
the same circumstances. These distances are, however, variable. The 
lamp burning normally, the distance generally amounted to 0.053 
A. U. for D,, to 0.078 A.U. for D, for a point lying in the middle 
of the are, when Sirmmens’ S A-carbons were used. It sometimes 
occurred, however, for a certain pair of carbons that the distance 
- was much smaller, down to half the value; sometimes too that it 
was much larger, up to almost double the said amount. When new 


1) The results of the observations made about the components of the mercury 
lines by the aid of this échelon spectroscope, were in agreement with those of 
most of the other observers. 
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earbons are set burning, the distance is also much larger than the 
normal one, when the arc hisses, the reverse takes place: the lines 
grow fainter, and the distance grows smaller, in case of very decided 
hissing they can even become entirely invisible. Also in different 
places of the are the distance is different, for the negative carbon 
the distance is much larger — about twice as large as a rule — 
than for the positive carbon. 

Between the two absorption maxima lies also a region of absorption, 
which on the whole is of only little greater intensity than the 
maxima of absorption. Now and then it makes the impression that 
there are still more feeble maxima of absorption in this region; I 
have, however, not been able to ascertain this with perfect certainty. 

I could artificially modify the aspect of the absorption lines very 
considerably by blowing a little soda mist into the are by means 
of a tube placed parallel to the positive carbon, which lies horizontal ; 
in order not to disturb the equilibrium of the are the blown in air 
current had to be only very weak, while the quantity of sodium 
could be modified by varying the concentration of the sodium 
solution. It then appeared that always when soda was blown into 
the are the distance of the components of the two D-lines increased, 
these becoming vaguer at the same time. The greater the quantity 
was of the soda that was blown in, the further the components 
were split up, and the less sharp they became. This splitting up 
could even reach an amount of about 0,3 A. U., in which ease they 
were, however, very vague. The splitting was always perfectly 
symmetrical with respect to the original double absorption line. The 
maxima of absorption were — for so far as perceptible — of equal 
intensity, the sharpness of the two components also seeming pretty 
well equal. I have not undertaken further quantitative measurements 
about this, since it would have been impossible to determine the 
quantity of sodium in the arc, even when the velocity of supply 
was known ; at most this quantity could be very roughly estimated; 
nor was the phenomenon perfectly constant. Similar phenomena, 
still less constant, however, were observed when carbons were used 
which were soaked in a diluted solution of soda. 

When the Woop tube is placed in the way of the rays of light 
so that it follows the spectrometer, which cuts a small portion out 
of the spectrum, so e.g. between object glass and eye-glass of the 
reading glass, the absorption lines of the sodium vapour appear also 
to be double, in which the distance of the components increases as 
the temperature rises. At the same time, however, distinct phenomena 
of anomalous dispersion are perceptible, as soon as the heating of 
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the tube takes place in a somewhat unsymmetrical way. For this 
reason, and at the same time on account of the large differences of 
temperature which must necessarily exist in the Woop tube, at 
which there can be no question of saturate vapour, I did not under- 
take quantitative measurements. 

Finally in order to be able to carry out measurements which 
should be liable to interpretation, I have generated the sodium vapour 
in a vertical glass tube, which was first provided with some pieces 
of sodium, then evacuated down to about 0.001 m.m. of mereury, 
and sealed to. This tube was uniformly heated all over its length 
by an electrical way, so that the temperature may be assumed to 
be the same at all places, and accordingly the sodium vapour to be 
saturate. In the enclosure there were made two apertures, through 
which the light fell in horizontal direction. As the glass gradually 
clouded somewhat at these places, | later on applied side tubes which 
were also electrically heated, while a wider glass tube was also 
used. The bore of the tube, with which I carried out my final 
measurements, amounted to 28 mm. For a reason to be stated later, 
this tube was placed between object glass and eyeglass of the reading 
glass. Of course the image suffered by this, but nevertheless it was 
possible to measure the distances of the components. 

The pbenomena which I observed in this way were qualitatively 
in perfect harmony with what I had seen by means of Woop’s tube, 
and during the blowing in of the soda mist into the are. On tise of 
temperature the distance of the components increases, while they 
become less sharp at the same time. Up to almost 800° the distance 
can be very well measured, the results of these measurements have 
been represented in the curves D, and P,. At higher temperature 
the width is too large to be investigated by means of the échelon 
spectroscope, the phenomenon becoming very vague then, so that 
the absorption maxima are clearly perceptible on slight magnitication 
only, the light intensity is only little greater then between the absorption 
maxima than in the maxima themselves. The greatest width measu- 
red amounts to about 0,21 A.U., as is visible from the figure. 
The resolution is always greater for D, than for D,; the curves 
indicating the course in the two cases run perfectly parallel. On 
the whole the components of D, are somewhat sharper than those 
of D,; of D, the component lying to the side of the red is the 
stronger and sharper, of D,, that which lies to the side of the violet. 
I think IT have been able to observe with pretty great certainty that 
the two components of D, are each double, so that the absorption 
region would be bounded here by two absorption maxima on either 


0.25 


200° 


side, which can be distinguished from each other with difficulty. I 
have not been able to observe anything similar for D,, there the 
absorption maxima seemed single to me. At 274° I found about 
0.035 A.U. for the distance of the two absorption maxima, of which 
each component of D, consists, at 290° about 0,045 AU. The dis- 
tances of the components of D, indicated in the figure refer to the 
extreme components. The region lying between the absorption maxima 
situated on either side is on the whole of uniform intensity, which, 
chiefly at tbe higher temperatures, is but very little greater than 
that of the absorption maxima. Whether there are still more faint 
maxima in this region, I have not been able to observe with certainty, 
though I now and then got the impression that such was, indeed, 
the case. 
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In the figure I have also indicated the mean amount of the width 
of the region of the arc absorption by means of short dotted lines. 
Further the curve indicated by p denotes the vapour tension of the 
sodium vapour for the temperature in question. The scale of the 
ordinates on the right hand side of the figure refers to this curve. 
For the determination of this curve I made use of KRÖNER’s ') research 
on the vapour tension of alkalimetals ; for this it was necessary to 
extrapolate the values found by Kréner, for which purpose I used 
Gritz’s*) formula, which is formed from Dvrré-Hertz’s *) formula 
based on that of CLAPEYRON by assuming the validity of VAN DER 
Waats’s law for the vapour instead of that of Boyny-Gay Lussac. 
Grärz’s formula 


containing four constants, | had to assume four points of the vapour 
tension curve. I took three points for them, which had been directly 
determined for sodium by Kroyer, viz. 7’= 693, p=2.00 ; T= 733, 
p = 4.20; T=773, p= 8.64 (temperatures in absolute scale, pres- 
sures in m.m. of mercury). I derived the fourth point, availing myself 
of Ramsay and Youne’s rule, from Kréner’s determinations for pot- 
assium and found for it 7'— 589, p=0.11. I found from this for 
the constants using Brige’s logarithms, « = 28.877, log k = 164.88, 
m = 48.748, n = 181438. By the aid of these constants I calculated 
the values of p given in the figure. 

One might be inclined to ascribe the observed phenomena to ano- 
malous dispersion ; the observed dark lines would then be no absorp- 
tion lines proper, but ‘dispersion lines”. If this were actually the 
case, the light of the considered wave length would only have 
changed its direction, without having undergone absorption. As to 
the absorption lines in the light arc, taking the comparatively small 
value of the anomalous dispersion at the densities in question into 
_ consideration, the point of intersection of the rays of light coming 
from the arc with the plane of the spectrometer slit could never be 
far distant from the crater image. When this image is moved over 
the plane of the slit we should therefore have to see light lines in 
some positions instead of dark ones. As I have never observed 
anything like this, not when I placed the are lamp in other positions 


1) A. Kroner. Ann. der Phys. 40. p. 438. 1913. 
2) Gratz. Zeitschr. f. Math. u. Phys. 49 p. 289. 1903. 


8) Hertz Wied. Ann. 17. p. 177. 1882. 
Dupré. Théorie mécanique de la chaleur. p. 69. Paris 1869. 
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either, so that the direction of the issuing beam of light with respect 
to the light are was a quite different one, I think I may conclude 
that the are lines are not to be attributed to anomalous dispersion. 

Nor can for analogous reasons this be the case with the lines 
which were observed after the light bad passed through sodium 
vapour in a uniformly heated glass tube. Here too light lines would 
have to be observed at some distance from the dark ones, of which 
there was however, no question. 

On the other hand — as I already remarked just now — when 
the unsymmetrically heated Woop tube was used, I saw a sharp 
light line by the side of the dark region, which latter became 
blacker then at the same time; in fact besides the absorbed light, 
also the anomalously dispersed light has vanished from this region. 

Everything considered I am therefore of opinion that anomalous 
dispersion has had no influence on my final results. 

I will mention here another phenomenon, which at first made its 
influence felt in a peculiar way. In my first experiments I had 
placed the glass tubes in which the sodium vapour was generated, 
before the entrance slit of the spectrometer, so that the whole beam 
of white light passed through it. The measurements which I then 
made of the distances of the components for different tubes, which 
were distinguished by the thickness of the radiated layer of vapour, 
were not in harmony; at the same temperature the distance of the 
components was found larger as the radiated layer was thicker. 
This peculiar phenomenon must undoubtedly be a consequence of 
the presence of fluorescence light, which the sodium emits under 
the influence of the incident white light. According to Woop’s 
researches *) it is just the two D-lines which are very prominent 
in the fluorescence light. This light will be the stronger as the 
traversed layer is thicker. In this way it is explicable that the 
absorption spectrum can be subjected to a modification which will 
become greater with increasing thickness of layer. 

When, however, the distance of the absorption maxima increases 
in consequence of the superposition of the fluorescence light over 
the absorption spectrum, which is greatly the case at higher tempe- 
ratures (see the curves (D,) and (D,)'), it is easy to see that the 
maximum, resp. the maxima, of the fluorescence light must be 
situated between the absorption maxima so that the curve representing 
the intensity of the fluorescence light, exhibits a rise at the place 
of the absorption maxima, when we move to a point lying halfway 


1) R. W. Woop. Phys. Opt. p. 444; 1905, 
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between the two absorption maxima. If the absorption maxima 
coincided with maxima of fluorescence, the former wouid either not 
shift their places, or they would split up. Hence we arrive at the 
conclusion that at temperatures above about 260° the maxima of 
absorption do not comcide with maxima of fluorescence, but that 
the latter maxima, resp. maximum, lie between the maxima of 
absorption. 

I have indicated two curves in the figure for which the influence 
of the fluorescence light is visible, the curves (D,)' and (D,). They 
represent the distance of the components of D, and D, fora radiated 
thickness of layer of 40 m.m., in which the tube of sodium vapour 
was placed before the entrance slit of the spectrometer: the distance 
from the tube to the slit was about 10 cm., the opening of the 
incident beam being about 1 : 10. Under these circumstances it was 
also possible to observe the fluorescence light by means of a spectroscope. 

If the tube with sodium vapour was placed between object glass 
and eye glass of the reading glass, the fluorescence can only be 
brought about by the light that belongs to the narrow spectral range, 
issuing from the spectrometer, instead of through the undivided 
white light. It is easy to see that the part of the fluorescence 
light, which in this case is already very faint, the part that 
finally reaches the retina, will have to be exceedingly small 
in comparison with the observed light; the influence of the 
fluorescence light will, therefore, have to be imperceptible then. I 
have actually convinced myself that when the tube with vapour is 
placed between object glass and eye glass of the reading glass the 
distance of the absorption maxima is independent of the thickness 
of layer traversed by the rays. For this purpose I compared a tube 
of 50 m.m. bore with the tube of 28 m.m. used for the measurements ; 
in these two cases the distance of the components was the same at 
the same temperature. 

I think myself justified in drawing the conclusion from all that 
has been observed that the distance of the absorption maxima of 
the sodium lines is closely connected with the density of the vapour, 
and that in this way that the splitting up increases with increasing 
density. That what has been observed is chiefly an effect of density, 
and not in the first place a temperature effect, is supported by the 
fact that the influence of the soda mist blown into the are is for 
the greater part the same as that of absorbing sodium vapour of 
much lower temperature. The temperature at which the absorption 
in the are takes place, will namely undoubtedly be much higher 
than that of the vapour in the glass tube. On the other hand the 
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phenomenon in the are is dependent in a high degree on the quantity 
of soda, the temperature varying very little as long as the equilibrium 
in the light are is not disturbed. 

In my opinion besides the density also the temperature can have 
influence, though the latter will be slight. If the are lines were 
exclusively dependent on the density of the vapour in the arc, the 
horizontal dotted lines in the figure would have to cut the curves 
for D, and D, in points for which the abscissae are equal. As this 
seems to be almost the case, the influence of the temperature cannot 
be very large. 

Also with regard to the degree of the absorption — so the value 
of the absorption index —, there can very well be difference between 
higher and lower temperatures ; I have, however, not examined this. 
And at last, the absorption lines of low temperature are somewhat 
sharper than those in the light are. 

Returning to what Miss v. Usiscu derived from her experiments, 
viz. a displacement of the absorption maxima of sodium vapour on 
change of temperature, we may question whether this result can be 
brought into connection with the observations described just now. 

In the experiments under consideration the main point was the 
absorption to which the components of the two magnetically split 
sodium lines (briefly called ZerMAN-components) were subjected in 
the Woop tube filled with sodium vapour. 

The measurements were made of the relative intensities of the 
differently polarized beams of light both normal to the lines of force 
of the magnetic field (transversal), and in the direction of the lines 
of force (longitudinal) (in the transversal observations the beams 
polarized parallel to and normal to the lines of force, in the longi- 
tudinal observations both the circularly polarized ones.) These beams 
of light were emitted by a sodium flame which was placed between 
the poles of a magnet; the undispersed sodium light was subjected 
to absorption in a Woop tube. This tube was every time heated to 
a definite temperature, and the temperature being kept constant, 
the magnetic field was varied till the difference of the intensities 
of the differently polarized beams of light was a maximum; this 
measurement took place by rotation of a glass plate, which served 
as a compensator. For every temperature of the Woop tube the field 
was determined, in which the difference of the intensities became a 
maximum. Miss v. Ugisen makes the supposition that this difference 
will be a maximum when one ZeemMaN-component coincides with the 
maximum of absorption, and the other is not absorbed at all. By the 
aid of this the writer deduces that at 270° the displacement of the 
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fe] 
sodium lines would amount to 0.17 A.U.; in this ease the difference 
of the intensities was therefore a maximum at a distance of the 


ZEEMAN-components or on an average 0.34 AU. 

Now on closer consideration it is clear that the correct interpreta- 
tion of Miss v. Ubsiscn’s observations would be very intricate, 
and many more data would have to be available for it. In the 
first place we should have to know the correct distances and 
intensities of the ZeEMAN-components, before they undergo absorption 
in the Woop tube; further the accurate course of the curve that 
denotes the connection between the intensity of the light transmitted 
in this tube with the wave length, should be known. The absorption 
maxima of sodium vapour not being sharply defined lines, much 
will depend on the intensity and sharpness of these maxima; this 
is the more obvious when it is borne in mind that the real maxi- 
mum difference of intensity observed by Miss v. Ugiscn, constitutes 
only a few percentages of the whole amount. With so small a 
difference we should be sooner inclined to assume a difference 
in absorption to that amount than as the author does, suppose 
that one ZeRMAN-component is not weakened at all, the other 
only a few percentages in the case of a thickness of layer which 
is at any rate pretty considerable. It is easy to imagine cases in 
which the absorption maxima are of equal intensity, but difference 
of intensity of the ZrrMAN-components is a maximum, when they lie 
outside the absorption maxima. 

Everything considered the amount given by the author can only 
represent the distance of the absorption maxima as far as the order 
of magnitude is concerned; accordingly [I do not think that the 
result of my observations (distance of the absorption maxima of 
about 0.15 A.U. at 270°) is in contradiction with that of Miss v. 
UBIScH. 

Besides it is possible that the temperature has not been given 
perfectly accurately. In this respect a Woop tube presents more 
sources of errors than the uniformly heated tube which [ used. 
Moreover the difference need not be very great, taking the very 
rapid increase of the resolution in the neighbourhood of 300° into 
consideration. 

When seeking an explanation of the observed phenomena now that 
it has appeared that in the first place there is here question of a 
density effect, we are naturally led to look for a connection with 
the widening of spectrum lines in general, and with the explanation 
which Stark has given for it, which comes to this that this widening 
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would be the consequence of electrical resolutions of the spectrum 
lines. It is easy to understand that the greater the density of an 
(emitting or absorbing) gas, the more frequently it will occur that 
the vibrating electron systems are in the neighbourhood of electric- 
ally charged systems, and wil] therefore perform their vibrations 
under the influence of the electric field of these charged systems ; 
hence the spectrum lines brought about by these vibrations will be 
the more perceptible by the side of those which arise from systems 
which do not vibrate in an electrical field. In this way we shall be 
able to obtain a great number of lines, which all being superposed, 
can make the impression of a broad band. It is very well 
possible that detinite groups of these vibrations can be predominant 
which will give rise to the appearance of maxima of absorption 
(resp. emission). If we wanted to give further particulars about this, 
it would be necessary to enter into an examination of the mechanism 
of the phenomena *). 

As to the order of magnitude of the above described phenomena, 
it is indeed interesting to compare it with the order of magnitude 
of the electrical resolutions as STARK has observed them. When we 
assume that a vibrating system is placed in an electrical field origi- 
nating from an electrical elementary charge at such a distance as 
the mean distance of the atoms in saturate sodium vapour of about 
280° amounts to, the resolution of the D-lines, when taken as an 


electrical resolution, would at this temperature agree — as far as 
the order of magnitude is concerned — with the resolutions which 


STARK found in this part of the spectrum, always on the supposition 
of a linear course of the electrical resolution with the intensity of 
the field. 

Above 260° the observed resolution increases pretty accurately 
with the power */, of the density, the increase being slower at the 
lower temperatures; therefore what was observed just now about 
the order of magnitude of the resolution at 280° cannot possibly 
be of general validity, as this would require an increase not with 
the power */,, but with the power */, of the density. 

l also observed the D-lines in the solar spectrum, which also 
exhibited two components each. On the whole the phenomenon was 
in accordance with what is observed for saturate sodium vapour of 
about 270°. The distance of the components was about 0.15 ALU. ; 


1) Even without thinking of electrical resolutions, | pronounced the opinion 
already before that the “own period” of a vibrating system might vary as 
it was under the influence of neighbouring systems, and that widenings of spectrum 
lines might be the consequence of this. Cf, G. J. Eras, Diss. Utrecht; p. 146 et seq. 
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I did not however carry out accurate measurements about this. They 
further seemed to me slightly less sharp than those which were 
observed for sodium vapour of low temperature, though this difference 
was not very conspicuous. If the resolution were really only little 
dependent on the temperature and possible other factors, we might 
draw the conclusion from this that the density of the sodium vapour 
in the chromosphere of the sun is as great as that of saturate sodium 
vapour of about 270°. 

I further made some observations on the emission lines of sodium 
vapour. For this purpose I used a glass discharge tube which con- 
tained some sodium, and which was heated to 200° or 200°. 

It then appeared that the emission lines, both D, and D,, were 
double, and that the distance of the two light lines increased with 
increasing temperature. It is not impossible that self-reversal plays 
a part in this; it was, however, peculiar in this that chiefly for D,, 
the two light lines on either side of the dark core differed in intensity, 
which would not have to be the case for self-reversal. 

With regard to the emission lines D, and D, Mrenrrson ') has 
pronounced the opinion that they would each consist of four com- 
ponents, two intenser ones, and two very faint ones, the distance 
of the intenser ones amounting to about 0.15 A.U. Fasry and Prot’) 
are, however, of opinion, that reversal phenomena would play the 
principal part in this. 

In conclusion I will still state that already a long time ago I 
observed for the emission lines of copper when this is in the light 
are, resolutions of entirely the same order of magnitude as those 
which I have now described for the absorption lines D, and D, of 
the sodium, also witb the aid of the échelon spectroscope. I then 
observed with a preity high degree of certainty that these resolutions 
were greater as the density of the copper in the are increased. | 
could not carry out measurements about this, however, as the amount 
of the resolution was very variable, and besides I had no means {o 
determine the density of the copper in the are. 


Haarlem, February-April 1914. Physical Laboratory 
of “TryreR’s Stichting.” 


1) A. A. MicHELSoN and E. W. Morey. Amer. J. (3) 34. p. 427; 1887. Phil, 
Mag. (5) 24 p. 463. 1887. 

A. A. Micuetson. Rep. Brit, Ass. 1892 p. 170. Phil. Mag. (5) 34 p. 280. 1862. 

2) Cu. Fasry and-A. P&érot. GC. R. 130 p. 653. 1900. 
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Physics. -— “On the lowering of the freezing poimt in consequence 
of an elastic deformation.” By Dr. G. J. Erras. (Communicated 


by Prof. H. A. Lorentz). 


(Communicated in the meeting of May 30, 1914). 


A number of years ago E. Riscke*) derived from thermodynamic 
considerations that a solid body subjected to forces which bring 
about an extension or compression, will in general exhibit a lowering 
of the freezing point, also at those places of the surface where no 
deformative forces are directly active. 

This case may be extended to that of an arbitrarily deformed body. 

1. Let the free energy per unity of mass be w, and the density g, 
then the total free energy of a certain system will amount to 


w= [owdr. og errs Se 


in which the integration must be extended over all the material 
elements @.dt. Further we make no suppositions at all on the state 
of the system. ne 
Let us suppose the system to undergo an infinitely small deform- 
ation at constant temperature. We can always assume this deform- 
ation to consist of the infinitely small dilatations 2,, y,, Zz, and the 
distortions yz, Zz, vy, for which the well-known relations hold: 


ds 07] _ 08 
aan 49 Oy ES | 
Pe Ase ee aes dE cond can 
VTT Oy EER Wet “Seah eae”, a 


when & ,$ denote the infinitely small displacements of the points 
of the system. 
In consequence of this deformation the free energy of the material 


element odt will increase by the amount 


Ow Ow Ow Ow Ow Ow 
d = ag: an fi pe ae wae te ed = 
o dr ee eee ay Yy + 5 Za + an Yz + ‘es = a zo) (3) 


On the other hand work has been done by the external forces. 
When the components of the joint volume forces which act on the 


1) E. Rrecke, Wied, Ann. 54 p. 731. 1895. - 
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material element odt are oXdr, 9 Ydr, and oZdrt, and the components 
of the joint external tensions which act on the surface elements do 
of the surface that bounds the system: p-do, p,de, and p.do, the 
total work of the external forces, the displacements being §&, y, ¢, will 


amount to 


JA = { OKEE Yn t Zo)de+ | (re$ + ry + p28) do 


Now when the temperature is constant 


OP == JA 


holds generally as condition of equilibrium. 
Hence we derive from (3), (4), and (5): 


Op Ow Ow Ow Oy 
felis LET EE (VC 


= (e(XE + Fi + 2) dr + ie (paE + pi + PB) do 


Ow dh: 
ne 


(4) 


Making use of the relations (2) we get from this after partial 


integration : 
ow 
DE es cos (Nu) + De (Ny) Lo (Nz | + 


+ 4 ee cos (Ne) Ee —— cos (Ny) + = cos (Nz) | + 


+6 se cos (Ne) te —— cos (Ny) me — cos (Nz) 


|E | 0a Oy ; dz | | 
d ) 
el (en | ; Pes) (eo) 
T Pay ee a ie Oy aE 


Jeu 


Ou 
eo) 


pax Ow Ou Ow > | 
(eon) ve me lo 
ed Ls — L + 94 |—~ 


| 
| 


4- 


ze | dr == (XE 4 Yn + Zour f (ned + ry pedo | 


The quantities §, 47, and § for the different points of the system 
being quite independent of each other, we obtain from (7) the relations: 
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ow cos (Nw) +5 —— cos (Ny) an —— COS wal = |) 
Uy 


7 Ow \ 
MM 
Òyz {4 

| 


0 
Pz -- 0 Fea cos (Na) + op cos (Ny) gee en cos aaf =O 


Ow Ow dw 
em Oia ee ore 


Q 
ave dz x Oy | z 
2 Yr ; \ Oy Yad ox at eae 
ae Or 8 Oy Een )e zi 
Ow ) 
(ea) Pens) Pea) 
a = aah Me == 0 H 
A Ow a dy | dz | 


If we now introduce the internal tensions Xz, Y,, 7, Y:, Zo, Xy, 
usual in the theory of elasticity, then hold for the components of 
these tensions on an element of the surface: 


Xv = X, cos(Na) + X, cos (Ny) + Xz cos (Nz) | 
Y w = Yreos (Ne) + Fycos(Ny) + Ye eos(Nz) © . . (10) 
ZN = Zi cos (Nx) + Zy cos (Ny) + Zz (cos (Nz) 
Further in case of equilibrium: 
pz + XN=O py + YN=0 Pz JANE 0 Feb 
From (8), (10), and (11) follows: 


Ow Ow Ow | 
Sa SSeS TSS Vi ee 
ik © Owe "y “dy, Se. | 
0 0 0 he 
en Ae ke p Kr en | 
Oy: Ozx Oay | 


The relations (12) introduced into (9) now yield the equations 
OX; OA ROAS 


TT 


nn ER | or ES ei AEN 


the known conditions of equilibrium for a deformed system. 
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2. If we now consider a material element which can be arbi- 
trarily deformed, we can subject its state to an infinitely small 
variation. With respect to the deformation this variation will be 
determined by six mutually independent quantities, three dilatations, 
which determine the change of volume, and three, which determine 
the change of form. Hence speaking thermodynamically, the variation 
of state of this element (which need not necessarily be infinitely 
small, provided it is to be considered as homogeneously deformed) 
is determined besides by the temperature, by six mutually independ- 
ent quantities. It now follows from (3) and (12) that for a virtual 
isothermal variation of state the following equation will hold for 
the unity of mass 


f 
dy = — En (Xe + Y, Yy t+ 4e2z+ Yayjzt+ LZreat X pay) ENOR 


If we now start from the unity of volume, and call the free 
energy of it y’, the following form holds for it 
dp = — (Karr + Yy Yy Leze} Pays + Zoer Xyty). « (15) 
(In this it should be borne in mind that after the variation the 
volume will in general be no longer equal to unity). 
Now 
en RG 
holds generally for the free energy on change of temperature, when 
in the expression for the external work with an infinitely small 
variation no term with d7’ occurs as factor. 
Hence: 


] 
dp = — PS (Kawa Vy yy + 2222+ Vy2+ Zoey + Aye) —ydT. (17) 


holds for virtual variations of state, in which also the temperature 
can undergo a change. 
When we start from unity of volume, we have 


dey! = — (Xyae+ VyYyt 2222 ig Fayed Zoet Xyay) — adt. (18) 
where 7 represents the entropy of the unity of volume. 


3. Let us now consider a system consisting of two phases, a 
liquid and a solid state. We assume the system to be at rest. Let it 
further as a whole be subjected to the hydrostatic pressure p, while 
arbitrary deformative forces can be active on the surface of the 
solid phase, with the exception of that part that is in contact with 
the liquid phase; we exclude volume forces. Consequently the same 

49 

Proceedings Royal Acad. Amsterdam, Vol. XVII. 
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hydrostatie pressure will prevail everywhere in the liquid. We direct 
our attention to a part of the system that contains a portion of the 
boundary plane between the solid and the liquid phase. We assume 
the surface that bounds the considered part of the system, for so 
far as it falls inside the solid phase, to be invariable of position, 
whereas we can subject it to variations of form for so far as it 
falls inside the liquid phase. On this latter part acts then every where 
the vertically directed hydrostatic pressure p. We take the part of 
the solid phase that falls inside the considered part of the system, 
as homogeneously deformed. 

Let the considered part of the system contain m, unities of mass 
of the solid phase, m, unities of mass of the liquid phase. The 
direction of the normal to the boundary plane, which points from 
the solid towards the liquid phase, may be called N. 

For the part of the system in question are the free energy, the 
mass, and the volume resp. : 


p= mp tmp, | 
M = m, + m, RN Ee Ll 
V —= mv, + mv, | 


when v, and v, represent resp. the volume of the unity of mass 
of the solid and the tiquid phase. 

We now subject this part of the system to a virtual change. For 
this purpose we make a small quantity of one phase pass into the 
other at constant temperature. This will be attended with a change 
of the total volume of the considered part of the system. In virtue 
of the suppositions made above this change of volume can only take 
place through the change of position of that part of the surface 
bounding the considered part of the-system, which lies in the liquid 
phase. For the rest the state of the liquid phase will not change. 
In order to keep also the solid phase in the same state, to leave 
the quantities determining the deformation unchanged, it will be 
necessary, to make the tensions of the part of the boundary surface 
of the considered part of the system lying inside the solid phase 
undergo infinitesimal variations. Since this part of the boundary 
surface remains unchanged, no work will be required for this. The 
only quantity of external work that we have to take into account, 
will be that which is attended with the change of the part of the 
boundary surface lying inside the liquid phase. 

When dm, and dm, represent the changes of the quantities of the 
two phases, then on account of (19), we shall have; 
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dp = yp, dm, + W, dm, Nen 
0= dm, + dm, A os os GAG) 
SV =v,dm, + v,dm, 


tn connection with the above considerations the work done by 
external forces amounts to: 


dA = — pdV = — p(v,dm, + v,dm,) . .. . (21) 


If we now apply the condition of equilibrium (5), we obtain, 
making use of (20) and (21), 


We Perret Pty se: ley ee on he pe) 
This equation represents the condition of equilibrium for the two 
phases in the case considered here. 


4. Let us now imagine that the system consisting of the two 
phases undergoes a real, infinitesimal change. The condition of 
equilibrium (22) will then retain its validity. It is clear that it will 
give us then a connection between the differentials of the variables. 

As variables determining the state, we choose for the solid phase the 
dilatations and distortions 22, %,, 2, Ye, 2x, Zy, besides the tempera- 
ture 7’, for the liquid phase the volume v and the temperature 7. We 
ascribe the value zero to the variables rz, yy, Zz, Yz, Zr, and w, in the state 
from which we start (which, however, need not be without tension). 
In order to be able to distinguish the difference between an eventually 
ultimately reached final condition (which need not differ infinitely 
little from the initial condition in mathematical sense) and the initial 
condition from an actually infinitely small change of condition, we 
shall represent the latter by de, dy,, dzz, dyz, de, dx, instead of by 
Lx, Yip Zz) Yoo Zz) Ly, Which we shall use for the final condition that is 
eventually to be reached. This does not alter the fact that the latter 
quantities are always treated as if they were infinitely small. 

Proceeding in this way we obtain by differentiation from (22): 

oe ar Dae + ied dyy + 5 id ° dert ay: +e Hs dert 
- . (23) 


+ joi dey + pa, oan atten 28 * dv, + pdv, + v‚dp 


In this ze dex denotes the increase of the free energy w‚, when 
Ur 


the initial state undergoes a dilatation dz: ete, just at this was the 
case in (3) and the following formulae. 

Now accotding to the theory of elasticity we have: 
} 49* 
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1 
dn = (da, + dyy + dzz). . Pe (84) 
Sl 


while further the well known relations: 


Ow, ERE 
OT = — Fe Ov, = =p . - . F : 8 (25) 
hold for the liquid phase. 
On introduction of (12), (24), and (25) we get from (23). 


1 1 1 ; 
(nsi) dT = dp (— oe =| ld Är—p) dez + | 
9, 0, 9, ? 


(26) 
=p (Yy —p) dyy + (Zzp) dz. + Y.dyz + Zaden + X day]: 
We can now put: 
: 
1, ah = (27) 


In this we can call the “heat of melting” 7, by which that quantity 
of heat is to be understood which must be added to convert the 
unity of mass from the solid to the liquid phase, without the con- 
dition of the two phases changing for the rest. We then get: 


‘be 1 q. 
Kl 5 dp + —— |(A,.—p) de Y,—p)d 
pr & x POSTE le) te FLO (28) 
+ (Z.—p) dz, + Y.dyz + Zeden + X,dzay| 
When the only deformative force is the hydrostatic pressure, we 
get the known formula of Tuomson and Cravsivus, since then the 
following equations generally hold: 


X;—p=0 Y,—p=0 Z,—p=—9 | (29) a 


Y,=0 ae X=.) 
Ff 1 1 
am ene wan B (ek arne 
NE VY; 


If on the other hand dp =O, we get: 


Ld Al 


= 


ar [(X:—p) dar + (Yy—p) dyy + (Zep) der + ey 
+ Y.dyz + Zydz, + X,dzy| 
Since the form between square brackets, provided with the negative 
sign, represents the work performed in the deformative forces, with 
the exception of the pressure p, a deformation will bring about a 
lowering of the freezing point, when this work is positive. 


5. We shall now assume that the initial state (for which we put 
Was Yn Zes Ya, Za, ty equal to zero) is to be considered as without 
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tension. In this case (31) will also be applicable; we may then, 
however, replace 7 and oe, by 7, and o,,, in which 7, denotes the 
heat of melting, and 9,, the density of the solid phase in the tension- 
-less state; then we have 
TE. : 

[(Xx—p) daz + (Yy—p) dyy + (Zep) dee + 

Tro . (82) 

+ Y.dyz + Zider + Xd] 

If we disregard quantities of the second order, which we are 
allowed to do when we consider the dilatations and distortions 
as infinitely small, we can integrate (32), placing 7, mr. and @,, 
outside the integral sign. We then get for the lowering of the freezing 
point in the state determined by wz, yy. zz, ys, on, Ly, 


be 


Wands 
f 
ftp) dee + Wi) dy + Zp) des + 
0 


TQ 10 


AP = 


(33) 


Yzdyz + Zaden + X,da,| é 


The heat of melting in the state determined by z,, yy, ze, Yz. on, @y 
will differ- from that in the tensionless state by an amount that is 
of the same order as the dilatations and distortions themselves. For 
an infinitely small change follows for the change of the free energy 
from (14): 


/ 


1 
AES te (Ader + Yydy, + Z.dzz + Yidyz + Zaden + Xd) 


Hence the difference in free energy between the deformative and 
the tensionless state amounts to: 


vy eee Uz «ae 


| 
Ay = en [Aude + Yydyy + Zeden + Vodye + Zaden + Xda]. 
0 


For the difference in entropy between these states follows then 
from (16) 


By vee Yx oen 
0 1 
Ay at ala [Arda Y,dyy a 23022 + Y.dyz + Zrder +. Xda]. 
0 


From (27) follows then for the difference in heat of melting: 


Daens Uh, sas 
ab 
Ae =F, mila [Xadey-+ Y dy, + Zdz:+ V sdyz+ Zaden + X,da,| (34) 
0 
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This will also apply to the case that the initial state is not 
tensionless; only (34) does not represent then the difference jn 
melting heat between the state z,...y-... and the tensionless state, 
but the difference between the state a...y;... and the initial state, 
which is not tensionless in this case. 


6. Let us now suppose that forces act on the surface of the 
solid phase which are exerted by solid bodies which rest on the 
solid phase, and in consequence of the presence of which the sur- 
face of the phase is not in contact with the liquid phase. We can 
then imagine that a small part of the solid phase that is in contact 
with the solid bodies which exert forces, is converted to the liquid 
state, without the solid bodies changing their places. For this case 
we can again draw up the condition of equilibrium. 

We take the boundary plane of the solid phase as X Y-plane, and 
suppose that the Z-axis is the normal to this plane which is directed 
from the solid to the liquid phase. For the total free energy, the 
mass, and the volume the following relations hold in this case: 


¥—=m,y, +m, Y, | 
M =m, + m, 
V=m,v, + m,v, | 
Let now an infinitely small quantity of the solid phase be con- 
verted to the liquid pbase, then: 
JSF = md, + W‚dm, + m, dp, + W‚dm, . . . (36) 
During the conversion the volumes v, and v, will have to change, 
as the total volume remains constant, as we supposed. The considered 
change being a virtual change, we may assume that as far as the 
solid phase is concerned, this change is brought about by variation 
of z- alone. Then we get: 


(35) 


0 
IY, = wheres 6 he BPN HS Sik nie Sachin en 
Òz, 
Further : 
0 
dw, = fe a ae en Vay ay he hae a 
dv, 
By introduction of (37) and (38) into (86) we get: 
0 0 
dF =m, et dein; vs dv, + w,dm, + pdm, . . (39) 
ee Ov, 


Just as before (see above under 3) the tensions at the surface that 
bounds: the considered part of the system will have to vary now 
too. We supposed, however, that this surface does not change its 
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position, so that no work will be done by external forces. The 
condition of equilibrium is now: 


bBo ee ee eee a) 


We must use here the double sign seeing that there is only a 
conversion possible in one direction. The sign = will hold for the 
boundary equilibrium, i.e. the equilibrium at which a transition from 
the solid to the liquid phase will just be possible. Now the equations 
(35) give further 

dm, + dm, = 0 


m, dv, + v,dm, + m,dv, + vdm, = 0 |’ (41) 
in addition we have 
1 
dss oe Pare. ua). cere TE 


If we limit ourselves to the boundary equilibrium we get from 

(12), (35), (39), (40), (41) and (42) making use of the equation 
nd ROMO. ttle Moore mee Syst Ee 
AN Wet, oe nt kee ee ee 

Hence we get the same relation as condition of equilibrium between 
solid and liquid phase as we had for the case that the two phases 
were in contact. Therefore the conclusions about the lowering of 
the freezing point will also be the same. Of course as pressure on 
the solid phase must then be taken into account the hydrostatie 
pressure, to which must be added that which is exerted by the 
solid bodies which are on the solid phase. 

7. We shall now consider more closely the amount of the lowering 
of the freezing point, in which we shall make use of the expres- 
sion (32). To calculate this amount it is necessary to know the 
relation between the quantities v,... yz... and the tensions Y,... Y-... 
In the most general case, the quantities 7,...y:... being considered 
as infinitely small quantities, we shall be allowed to assume a 
linear relation of the form: 


rr — “ae Ae a iat iL as 35 nee + 522 + Gy gy 


’ ; En AREN OEE (45) 
Y.= iF patie + one 5 hed c Spas Hs > 46ty 


in which 
. Uik = Obi id Nee Ae (46) 


will generally hold, because the tensions X;... Y,... according to 
(8) may be considered as the partial differential quotients of the free 
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energy per unity of volume taken with the negative sign. Further 
the coefficients « must be considered as functions of the temperature. 
To this most general case, in which the number of coetficients amounts 
to 21, answers a crystal of the lowest symmetry. This leads, of course, 
to very intricate calculations. 

We prefer, therefore, to consider the simplest case, viz. an isotropous 
body. For this holds, if we use the prevalent notation °). 


Ns 5 ee K [as ty 0 (zr a Yy + 22)| (47) 
Y, == - Ky: \ 
from which equations can be Re 
LT 
a Ke 
e= gel % ma +142) 
. ° : ° = . ° e < : j (48) 
Y,=—— Ys 
K 
In this the relation : 
1436 
ie 
i= SERT (49) 


exists between the coefficients AK and 4 on one side and the elasticity 
coefficient Z on the other side. 

Let us now consider a circular cylinder, the axis of which coin- 
cides with the Z-axis. Let one end be rigidly fastened, while forces 
resp. couples act on the other. Let the length in the direction of 
the Zaxis be /, and the radius of the cylinder f. The conditions 
of this problem may be satisfied by putting 


KYO" Ro Ee eee 
If P,, P,, P: are the components of the force, Qr, Q,, Q. the com- 


ponents of the couple acting on the end plane, then for the other 
tensions hold the expressions : 


ei Pis AO vert A0 B ee ah hy 


Takt ak. xR! R' ak 
2Q.. P, (8486) (R?—2*)—y? Py 1440 
x 20-9, Pe GHB + ee 
nk' 2akR' 139 ak! 1, 
pe Ps 1446 Py (8480) (R?—y?) —2? 
ER RT 1436 | 
Further : 


1) Cf. among others G. Kircurorr, Vorlesungen über Mechanik, 


1 
Pee ee Se Pe 
1426 
E1+26 
EE le ; . . . . (52) 
/ 2 1439 
H1+26 
ee he. Sch Us 
2 14-30 | 


We shall now discuss some special cases. 
1. Compression resp. extension. 
In this only P‚5=0 is put, from which follows : 


fps Ee 
aR? 

(in this the liquid pressure p is neglected). 
Then the lowering of the freezing point is 


E 
VAW Ien fa 
TQ 


Making use of (52) and carrying out the integration, we get : 


= ¥ = 0 


AE EEE TE dn 
1,0, 2E 
which formula is in perfect concordance with RieckKeE's. *) 


We apply this to ice, which we shall treat as an isotropous 
substance. 

RieckE assumes 0,7 kg. for the drawing-solidity of ice per mm?, and 
calculates with this 0°.017 for AZT. As for most substances the 
pressing-solidity is considerably greater than the drawing-solidity, this 
diminution can probably be made larger in the case of compression, 
so that it can be measured comparatively easily and with suitable 
apparatus even the just mentioned lowering of the freezing point 
would also be liable to be measured. 

2. Sagging. 

In this case we only assume that P,=0. When we consider a 
point for which «= Rk, y = 0, then it follows from the formulae that: 


5 P, 1420 
As == 0 tn = YY, = —_ —_.. 
rR? 1430 


The lowering of the freezing point of the considered point is: 


df 
[soy hee = fran 
F0 


1) E. Rrrcxe, loc, cit. p. 736 form. (20). 
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Making use of (52) we get after integration : 


AT 

"0, 1420 EF 

In order to obtain a limiting value for Y., we make use of the 
results of an investigation by Hess’) on the sagging of ice 
erystals. He charged a crystal 2.9 cm long, 1.0 em broad, and 1,2 em 
thick at its end with a weight of 5000 grams, without rupture taking 
place. Let us assume by approximation that an ice cylinder of a 
diameter of 1 em could bear the same load. We can then derive a 
limiting value of Y, from (51). 

If we introduce this into (52), we find finally, assuming that 6 = 4, 
which is about correct for a great many substances, — 1.19 X 10-4 
degree for A7, which quantity is probably not liable to measure- 
ment. That this quantity is so small, is the consequence of the small 
value of the maximum tangential tensions which ice can bear. 

We considered the point on the circumference for which «= R, 
y=O0. If on the other hand we take the point for whichw=0, 
y= Rk, we get the formulae 


Al 
Zz = ——.FPy ja 
RES 

If as before, we again assume that an ice cylinder of a diameter 
of 1 cm. can bear a load of 5000 grams at its end, we find for Z, 
a value which appears to be greater than the value assumed by 
Rircke. If we calculate the lowering of the freezing point by means 
of this, we find A7’= — 0°.081, an amount that can be easily measured. 

We see at the same time that the lowering of the freezing point 
has different values at different points of the surface; a state of 
equilibrium is therefore impossible. The rod of ice will diminish on 
the upper surface and on the lower surface, and that much more 
quickly than on the sides, which will also diminish a little. Further 
this diminution will increase towards the end where the rod is loaded. 

3. Torsion. 

In this case only Q- 4-0. From the formulae (51) follows then 
for the point 7=0, u & 


ye 2s 
mao meas 


z ii 
rR? 


Taking the small amount of the tangential tensions which ice can 


‘) H. Hess Ann. d. Phys. 8 p. 405. 1902, 
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bear into consideration, the lowering of the freezing point will again 
become very small in this case. Since the tangential tension all along 


the cylinder surface has the same value, equilibrium with the sur- 
rounding liquid will now be possible. 


Haarlem, May 1914 Physical Laboratory of 
: “TryLer’s Stichting”. 


Physics. — “The effect of magnetisation of the electrodes on the 
electromotive force.’ By Dr. G. J. Eras. (Communicated by 
Prof. H. A. Lorentz). 


(Communicated in the meeting of June 27, 1914). 


1. The question in how far magnetisation of the electrodes is of 
influence on the electromotive force in a circuit in which there are 
electrolytes, has already often been examined, without it being 
possible to derive a definite answer to this question from the results 
of these researches. Thus Gross’) found no definite direction of the 
current in concentrated solutions of ferro salts, while in concentrated 
solutions of ferri salts the magnetized electrode (both electrodes 
consisted of iron) became the anode. ANnpREWs?) arrived at the same 
result working with strong acids as electrolytes. NicHoLs and FRANKLIN *) 
obtained results which were in concordance with those of Gross 
and ANbREWs, in case a pole of a magnetized iron rod came in 
contact with the electrolyte, which consisted of a solution of chromic 
acid. In this case the electromotive force greatly increased with the 
magnetisation, and reached the value of about 68 millivolts in a 
field of 20000 Gauss. If on the other hand the neutral region of 
the magnetized rod was in contact with the electrolyte, the sense of 
the electromotive force was opposite. RowraNDp and Bei‘) found 
that the magnetized electrode became cathode when acids that 
attacked the iron, were used as electrolytes. Squirr*), who took 
nitric acid as electrolyte, came to the same result. The maximum 
electromotive force amounted to 36 millivolts, in a field of 10000 


1) Ta. Gross. Sitz. Ber. d. kais. Ak. d. Wiss. 92. Dec. 1885. 

2) ANDREWS. Proc. Roy. Soc. 42 p. 459, 1887; 44 p. 152, 1888. 

8) E. L. Nrcnous and W. S. FRANKLIN. Am. Journ. of Science 31 p. 272. 1886; 
34 p. 419, 1887; 35 p. 290, 1888. 

4) H. A. RowLaNp and L. Bett. Am. Journ. of Science. 36 p. 39, 1888. 

5) G. O. Squier. Am. Journ. of Science. 45 p. 443, 1893, 
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Gauss; on further strengthening of the field this amount did not 
change. Also Hurmveeseu*) found the electromotive force in the same 
sense, when diluted acetic acid or oxalic acid was used as electro- 
lyte. In a field of 7300 Gauss the electromotive force amounted to 
14 millivolts. Finally Bvcnrrer*) has occupied himself with this 
question. His result is in so far entirely negative that he finds no 
electromotive foree which would reach the value of 10—° Volts for 
neutral solutions of ferro salts in the case of magnetisation of the 
electrode in a field of 1200 Gauss. He further pronounces the opinion 
that the electromotive forces found by Rowrarp are caused by 
mechanical disturbances of the equilibrium (‘‘Erschiitterungen”), which 
would be the consequence of the origin of the magnetic field. Then 
BucHERER compares Hurmucrscu’s results with what has been theoreti- 
cally derived by Dunem*), and concludes that no concordance exists 
between them. DuHeEm arrives at the formula: 
rhe 

Sino? «acer og iz ot ae 
2d. 


i 


in which / represents the magnetisation of the electrode, à the electro- 
chemical equivalent of the iron, x the susceptibility, and d the 
density, the electromotive force / being taken positive, when the 
magnetized electrode is cathode. When we eliminate //;, /, and x by 
the aid of the relations: 

Bihar BSE Fa 
we get instead of (1) 


BE a 1 
i= 1 — — 
Sad. gn u 


It has appeared to me that in consequence of an inaccurate expres- 
sion for the energy of a magnetic field, this value of // is about u 
times too small, so that we may write by approximation because u 
has a large value: 


Bk 


Sr .d 6) 


which expression, however, only holds when the electrolyte is a 
neutral iron solution. 

When the experiment is arranged in such a way that B may be 
put equal to the external intensity of the field 7, we see from (3) 


1) Hurmucescuv. Eclair. Electr. Nr. 6 and 7, 1895. 

2) A. H. BucHerer. Wied. Ann. 58 p. 564, 1896 ; 59 p. 735, 1896 ; 61 p. 807, 1897, 

5) P. DuHEmM. Ann. de la Fac. des Sciences de Toulouse, 188889. Wied.. Ann, 
Beibl. 13 p. 101, 1889. 
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that the electromotive force would have to increase with the square 
of the intensity of the field. On introduction of the values for iron 


tA See 05, * 6.01.6; a= 29 
we get for 
H = 10000 Gauss = VAG SC 102 Volt, 


In Bvenerer’s experiment the intensity of the field was 1200, if 
the induction B had had the same value, the electromotive force would 
have been 2.4 x 10— Volts. As this amount is much less than the 
smallest value which Boererer could measure (10~° Volts), its negative 
result cannot be considered in conflict with the theoretical result. 

The results of the other investigators, who worked with acids as 
electrolytes, are not at all in agreement with formula (3), in fact 
they could hardly be so, as (8) rests on the supposition of a neutral 
iron ‘solution. 

As the case that the electrolyte is a dilute solution of the metal 
of electrodes, which is assumed to be equal for the two electrodes, 
is the only one that is liable to exact thermodynamic treatment, | 
have calculated the value of the potential difference for this case in 
what follows. Further I have communicated the results of experiments 
made on this subject. 

2. Let us now consider!) an arbitrary system in which also 
electric currents and magnetic fields can be present. As variables in 
this system we choose the temperature 7, further a number of 
geometrical quantities «,,@,..., and finally the magnetic induction 8; 
when the last quantity is known everywhere, then, besides the 
magnetic field, the electrical current is also determined everywhere. 
The external forces exerted by the system, are the components of 
force A,, A,... corresponding to the geometrical quantities, besides 
the external electromotive forces ©,. In order to be justified in leaving 
JouLe’s heat out of consideration we shall assume that the conductors, 
for so far as a current passes through them, possess no resistance. 
We shall further assume that the system loses no energy by electro- 
motive radiation and we exclude currents of displacement. 

If the system undergoes an infinitely small virtual variation, we 
first inquire into the work performed by the system on its surround- 
ings. If. the variations of the geometrical quantities are de, da,..., 
the corresponding work can be expressed by 


1) The train of reasoning on which the general method. of treatment followed 
here is based, was suggested to me by Prof. Dr. H. A. Lorentz, for which I will 
express here my heartfelt thanks. 
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Further the external electromotive forces will perform work per 
unity of time equal to: 


ae pee 


(E,, €). dr 


in which € denotes the electrical current. The work done by the 
system amounts, therefore, per unity of time to: 


W. 
[CO 


For this we may write: 
dW, 
= _fe + €,, €) dr Je €) dr, 


in which € denotes the electrical force. Now in the conductors 
€ En o (€ + Ser 
From the supposition that in the conductors o will be infinitely 


large, follows that here € + €, must be = 0, whereas outside the 
ave 


T 


conductors ©—0. Hence the first term in the expression for 


disappears. When we make use of the: expression : 
€ =cecurl 5 *) 


we get after partial integration 


dW. 2 
= = foo, curl €). ref Ld, Ely. do. 


The second term disappears on account of the supposition that 
no energy leaves the system through radiation. We finally get then 
by the aid of the relation: 


a 


—cerl € = 


Bf) 


If the variation of B in the time dt is d%, we get: 


ow, CO 0B). de . ERVEN 


The total work performed by the system now amounts to the 
sum of (4) and (5), 


1) Here Lorentz’s system of unities is used. 
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JW — Ada, + A,da,+.. _fe POD dps a Seca) 


If we now introduce the free energy of the system, the following 
well known relation holds for it 
w= E—T.H 
when FE represents the internal energy, H the entropy. For au 
infinitely small variaton we get from this: 
oY — dJE—T . dH—H. OT. 
Further 
T. dH = dQ— dE + OW, 


in which dQ is the quantity of heat added to the system. Making 
use of (6) we get from this: 


dW — — A,da, — A,da,.... + ,0%).dr—H.dT. . (7) 


Let in a certain initial state, in which the variables “a,, a, .. 
have the values a,,,a,,..., D being =O, the system have the free 
energy W,. In the magnetic state, in which ¥ will have a certain 
value everywhere, and the temperature and another quantity, e.g. 
the external pressure have remained constant, the geometrical 
variables will assume other values, which we shall denote by a, a... 
We can now make this transition take place in two steps. We first 
give the geometrical variables the values a,,a,, DB remaining — 0; 
hence the free energy will increase by an amount A, W. 

Further, while «,,@,... remains unchanged, we can bring the ~ 
magnetic induction B from zero to the final value; then the free 
energy will increase by Ay. In this way the final state is reached, 
in which the free energy will be: 


Wel AP JAE ads ees eee (8) 


Then according to (7) the following equation will hold: 


Auw= {{(o.aB) ue , a ee var caren |) 


3. Let us now return to the above discussed case, in which two 
electrodes of the same metal are placed in the dilute solution of a 
salt of this metal. The concentration of the solution can be different 
at different places. We think the circuit closed by means of a wire 
connecting the two electrodes. Let one electrode be in a magnetic 
field, in consequence of which it is magnetized. We think the 
magnetic field excited by an electromagnet, the leads of which 
possess no resistance. 
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In the second circuit in which the electrolyte is found, we think 
inserted an electromotive force -— M, which is in equilibrium with 
the electromotive force / existing eventually in consequence of the 
presence of the magnetic field; we shall assume that sense of circuit 
which is directed inside the electrolyte towards the magnetised 
electrode, to be positive. We shall assume also the resistance of this 
second circuit to be zero. 

We shall subject this whole system to an infinitesimal variation. 
Let this variation consist in the passage of an infinitely small 
quantity of electricity e through the second circuit, and that in that 
sense that is directed inside the electrolyte towards the magnetized 
electrode. We shall moreover assume that in this variation the 
magnetic induction remains unchanged in all the points of the 
system. We shall further assume that the surface that bounds the 
second circuit, does not change its position. 

In the first place we shall consider the work of the external 
forces. These forces consist of: 1. the electromotive forces in the 
first circuit (that of the electromagnet); 2. the electromotive force 
— E in the second circuit; 3. the external pressure p. As we have 
supposed DB to remain constant in all the points of the system, the 


value of 
fs N. do 


which represents the flux of & through the first circuit will not 
change either. It follows from this that no electromotive force is 
active in this circuit, so that the work of this force is zero. The 
electromotive force —E in the second circuit will perform work 
equal to —/.e, when a quantity of electricity e passes. The whole 
volume of the second circuit being supposed constant, the work of 
the external pressure will amount to zero. 
In all the work performed by the system is therefore 


Wis Phe sept eN 


Let us then consider the change of the free energy of the system. 
For this purpose we shall examine what are the consequences of 
the passage of the quantity of electricity e through the electrolyte 
in the direction of the non-magnetized electrode towards the mag- 
netized one. We shall call ‘the former the anode, the latter the 
cathode. 

If wv and » represent the absolute values of the velocities of cation 


754 


is the quantity whieh 


and anion in the solution, then n = 
u+v 


Hirrorr has called “Ueberfiihrungszahl’ of the cation. 

Of a current t the part „.t is carried by the cation, the part 
(1—n).t by the anion. So the number of gram equivalents of the 
cation in the unity of volume will increase per unity of time by: 


Lae 
aa (oli ll 
~ div (ni) = — (1, yn), 


as div.i=0O is; e represents the charge of a univalent gram ion. 
In the same way the number of gram equivalents of the anion will 
increase by the same amount per unity of time, so that the solution 
will remain neutral. If £ is the valency of the molecule, and m the 
molecular weight, the mass of the salt will increase per unity of 
time by an amount: 


m 
ane Gi Vn). 


If the quantity of electricity e, passes through the unity of surface, 
and if i, represents the unity vector in the direction t, the increment is: 


m.e, . 
Bi, A) MEN on Geet) 


In the volume elements which le on the surface, the increment 
of the mass of salt will be per unity of surface: 


Nt. € 
dp : 

k.g 

when WN is the direction of the normal directed inward. The total 
quantity of salt inside the solution will now increase by an amount: 


fo ++ dmg) fa Coo + fan mi-nde =O 
8 aye 5 


when we apply Gauss's theorem and make use of the equation 
divi=0. The quantity of salt, therefore, does not change. 

The only change consists in this that the concentration in the 
different volume elements is modified, and that a quantity of elec- 
tricity e dissolved at the anode, has deposited at the cathode. 

We shall examine what change the total free energy of the 
system has undergone in consequence of what has taken place in 
the electrolyte. Above we found the expression (8) for the free 
energy, (9) holding for the “magnetic” part of it. We further chose 
the variation so that the magnetic induction did not undergo any 
change. In the first place we must now take into account that at 

50 
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the anode a certain volume of iron has been replaced by the solution, 
whereas at the cathode the solution has been replaced by iron. The 
volume of iron ee will correspond to the quantity of elec- 
eo ee ‘ 
tricity e, when a denotes the atomic weight, £, the valency of the 
atom, d the density of the iron. If we assume that at tbe anode 
no magnetic field is present, the substitution of iron solution for 
iron will not bring about any modification in the magnetic part of 
the free energy. At the cathode, however, this substitution will give 
rise to a change in the expression (9), which, when wu, represents 
the permeability of the iron ssp u that a the iron, amounts to: 


GMD — En fs ue Meee 


when B means the absolute value of ® a B this value at the 
cathode. When we speak of “at the cathode” or “at the anode”, 
we mean by this that we must take the value of the considered 
quantity at a plane that is at a very small distance from the 
cathode resp. anode, this to evade the difficulties which the phe- 
nomena taking place in the boundary layer might cause; we 
shall examine this question more closely further on. On account of 
the smallness of the considered volume we may assume that the 
value of B is the same everywhere inside the volume. If we put 
u, = 1+ 47x,, in which x,, the susceptibility per unity of volume, 
is to be considered as a small quantity, we get about: 


be DE - B 
J (Ay W)= — —— | — (1 --4ax, — J—adB],. . (14) 
: Gn Wam EA oe u 

0 


when xz, represents the susceptibility at the cathode. If we assume 
l 

u to be very great for iron, so that — is to be neglected with respect 
u 


to unity, and if we replace B by H, the absolute value of the inten- 
sity of the field in air at the ee we get: 
a.e 


J (Au Wz TIE = “a —4xn %,) 2 ° e . (1 5) 


Instead of (13), using the relation : 


i 
u 


in which / is the absolute value of the magnetisation we may 
further write: 
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e 
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We must further take the changes of concentration in the different 
elements of the electrolyte into account. If we introduce the concen- 
tration c as the number of grammolecules of the dissolved substance 
per unity of mass of the solution, this is modified by the passage of 
the quantity of electricity e. If the density of the electrolyte is g, 
then the variation of density, when the volume remains unchanged, 
will amount to: 

Ua UP ee en Se 9, a 


in which dv is given by (11) and (412). By means of this we find 
easily for the change of concentration : 


1—me 
de = dp ER ae ns kg has Pe ee 

m. Q 

Now for dilute solutions very nearly : 
ep ee Ore en he Fa (GES 


holds, in which y is the so-called absolute specific susceptibility per 
unity of volume, which is considered as independent of 9 *). We 
get from this by the aid of (17) and (18): 


OR == ES 
This then gives, as x, must be considered as small : 
B 
| §).d§} = — An B’.y . dv. 


0 


When we multiply this expression by the volume element dr, theti 
introduce the value of dp from (11) and (12), and integrate with 
respect to the whole volume of the solution, we get: 


2ay.m Qary.m 
é, (AuW) = — = | Bea agi.ar— vem | Be iy, edo. 
V S 


If we assume n to be constant, which is permissible, on account 
of the relative smallness of this term, if we suppose further that 


at the anode B= 0, at the cathode in air B— A, we get: 


2nmyen — 


FOE tales zer eld 


d, (Àu WP) = Le 


1) Relation (19) holds of course only as long as the specific magnetic properties 
are independent of the concentration. 
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as for the cathode holds: 


= fatty, doe. 


4. We must further consider the change of the “non-magnetic” 
part of the free energy; as we saw above the values must be 
assigned to the variables which they will have in the magnetic field. 

The only change which is involved in this, is the change of con- 
centration of the solution. If the free energy of the unity of mass 
of this is w, then that of the volume of solution w of density @ is 

t= pew, 
when W, is the free energy of the solution. When we make use of 
(17) and (18), and further of the relation : 
vp, aes ae 
which follows from (7), the variation of this will amount to: 


; ow l—n 
dd, — dp | + 2 + 4 | AL 
o de m 


For the free energy of the unity of mass of the solution we shall 

use the well-known equation : 
ww, tact Peo+....+KTeloge,. . . . (29) 
in which y, means the free energy for c= 0. 

In this we must give to the variables ce and wv the values which 
they possess in the magnetic field in the state of equilibrium. 

On the other hand we can, however, also imagine that different 
concentrations can permanently exist in the different volume elements 
of the solution, in such a way that no change can be brought about 
in this by the magnetic field. Thus we shall obtain the potential 
difference between the electrodes on arbitrary distribution of the 
concentration. The supposition made is a fiction; the more so as 
we have assumed also the resistance equal to zero; in general the 
velocity of diffusion will namely increase as the resistance decreases, 
with which permanent concentration differences are in contradiction. 
This supposition, however, must always be made for such problems, 
in order to be able to apply the laws of the reversible processes ; 
hence we also make them here. 

With the aid of (22) we get from (21) 


NS 


RI 
dd WV, = dv E ee + — (1 + loge) — RTe + “| Wn 
0) m m 


When we use here the expressions (11) and (12), and integrate 
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over the whole volume of the solution, we get: 


m / RE 
ess En fo ayy A) |. +. = + — (1+ loge) — RTe + <| ‚dr 
€ o m m 


V 
m dads c 
+ he iN, oak nee + — (1 + loge) — RTe + “| ao. 
ye 0? m 
En dl 
When we take n again as constant, we get: 


m.n e 1 1 RE 6 
ov, = er Wo. — Wor +P 0 = in OD as of 
[ Cy = 


k 0, m 


when we denote the quantities referring to the anode by the index 
1, those referring to the cathode by the index 2. 
We may further write: 


or, because 


1 1 
Wor = Wo, =F JZ ie aa =| : 
ues es 


There remains finally 


mn e Rd C, 
dw, SS re A — log — — (c,—¢,) (24) 


€ m c 


2 
From the well known theorem for the free energy: 
JWA dW =0 


we get with the aid of (10), (16), (20), and (24): 


_B \ 
An. (7 DREADS 
K=—— d-I)dB ————_... H® — 
d k.e 


0 | aah Tks or) 


EE 


m.n 1 C, 
oe, E log — — ee) 

HAPE mi” ey 

in which À is the electrochemical equivalent of iron. 

Hence the potential difference consists of two parts, viz. one part 
(the first two terms), which depends on the magnetic field, and a 
second part, which depends on the concentrations at the electrodes. 
The second term of the first part will increase proportional to the 
second power of the externai intensity of the field, the first term, 
too, in case of small intensities of the field, where we may replace 
(16) by (15); at great intensities of the field, however, / will reach 
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the value of saturation, so that this term — which far exceeds the 
other “magnetic” term — will increase only about linearly with 


the external intensity of the field. The sense of the electromotive 
force determined by the first term is directed inside the solution 
from the non-magnetized towards the magnetized electrode. The 
second part of the expression becomes equal to zero for c,=c,; 
with neglect of the contraction which the solution undergoes on 
concentration, this expression agrees with the potential difference 
calculated by Hetmnontz'), between two electrodes which are in 
solutions of different concentrations. 

If we assume c,—c,, and neglect the terms which depend on 
the susceptibility of the solution, the following form holds for not 
too great intensities of the field (in which u is still to be considered 
as very great) 


a de 
OT) eS el a ee (26) 
If we use electromagnetic unities, this becomes: 
oi ae 
Bred: 


which agrees with (3). 

In order to simplify our considerations we have disregarded the 
transition layers between iron and electrolyte; in them phenomena 
will namely take place which cannot be examined in detail. It now 
remains to prove that in the calculation of the free energy the in- 
fluence of these transition layers may be neglected. For this purpose 
it is necessary to assume that the thickness of the transition layers 
is of the order of magnitude 7, when / represents so small a quantity 
that we may assume that inside the thickness / the liquid is in 
equilibrium with the electrode. We shall further assume the limits 
of these transition layers on one side inside the iron, on the other 
side inside the solution. Let the quantity of electricity e, which we 
have passed through the solution, be of the order of magnitude §; the 
same thing will be the case with the thickness of the iron layer, 
which has dissolved at the anode, deposited at the cathode. This 
iron layer may be infinitely thin with respect to the thickness of the 
transition layer, and entirely fall within it. 

We have already taken into account the change of the “magnetic 
part” of the free energy, which is the consequence of the displacement 
of the iron and the dissolved substance. Now we have still to take 
into account the change of the state of the transition layers, which 


1) H. Hermgorrz. Wied. Ann. 3 p. 201, 1878, 


757 


is the consequence of the conveyance of iron and dissolved substance. 
The quantity of dissolved substance supplied resp. extracted in the 
transition layers is of the order &, just as the quantity of electricity 
e. As the volume of the transition layers is of the order of magnitude 


/, the change of state inside these layer will be of the order A 


Now there was equilibrium in the transition layers before the 
variation; hence a variation of the free energy per unity of mass 


2 
of the order of magnitude (=) will correspond to a change of state 


of the order 5 (the external work is zero). The variation of the 


total free energy of the transition layers will therefore be of the 
2 


order = Thence we see that this variation may be neglected with 


respect to the other variations of the free energy, which are of the order §. 


5. We shall now still examine what will be the equilibrium 
concentration in the magnetic field, i. e. that concentration which 
will finally exist after the diffusion has been active between the 
different volume elements. For this purpose we consider an infini- 
tesimal variation of the total free energy W of the system. We 
choose this so that all the parts of the system, with the exception 
of the solution, remain unvaried ; moreover we leave the magnetic 
induction B unvaried. We can, therefore, restrict ourselves to the 
variation of W,, the free energy of the solution in the magnetic 
state. For this free energy holds the expression according to (8) 


and (9): 
Piaf let [9.0 lar, 


when we use the expression (23) for w. 
As the susceptibility may be considered as small, we may put 


for il: 
B? 
- = E W+ Di (1 —47 a Cac eee: Me (27) 


We shall now let the variation consist in a change of the con- 
centration, accompanied with a change of the specifie volume; in 
this we leave the volume of every volume element unvaried, so 
that the external work is equal to zero. We get the relation between 
concentration variation and volume variation by eliminating do from 
(17) and (18), by which we get: 
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1 — me 
de =d ee er eD 


mg 


Now we get from (27), keeping in view that B remains unchanged: 


JF, ale opty .do—20 B dx, | dt. 


Making use of (19), (21), and (28) we get from this, when we 
apply the thesis of the free energy : 


1— me 
fle + ap + i: een JR ‚|-do-dr=0 
o m dc 


Further exists the relation : 


fear, 


the total mass, from which follows: 


foo.ar=o, 


gee oe aaBtyondt. nt Bee 
c 


Mm 


The formula 


follows from the two relations as condition of equilibrium for the 
solution in the magnetic field. For this we may put, just as above 
in the expressions (22) 
punt 
tE (l + loge) — Red — — 
from which el because at the anode | = 0, at the cathode B=H, 
just as above for (24) : 


Ted ee = 
log? RT (eh aag BE) ee 
m C, : 

When we introduce this into (25),.we get for the potential differ- 
ence in the state of equilibrium, at which also the solution is in 


equilibrium 


B 
Am .a 


E= (L=T JAB? rn ee ee 


0 


6. In order to test the obtained result by observation, I made a 
number of experiments, in the first place with iron. The iron 
used for this was electrolytic iron, which Prof. Franz FISCHER at 


1) With neglect of the contraction which the solution undergoes, this result is 
in accordance with the result derived by Vorer (Gétt. Nachr. Math. phys. Kl, 
1910 p. 545), 
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Charlottenburg kindly procured me. The magnetized electrode con- 
sisted of a circular plate, which was of the same size as the pole 
plane of the electromagnet, and was rigidly fastened to it, a glass 
plate serving as isolation. The other electrode was outside the field. 
The concentration of the used solution of ferrosulphate was generally 
5°/,. The results obtained with this may be summarized as follows. 
On excitation of the magnetic field I always obtained a current in 
the sense as the theory requires. The extent of the obtained effect 
differed, however, greatly from the theoretical value; the measured 
potential differences were, namely, between the strengths of the 
field O and about 20.000 Gauss 10 or 20 times as great as the for- 
mula would require. At first the course was about proportional to 
the second power of the strength of the field, the effect reaching a 
value of 6.3 Xx 10-4 Volts at about 16000 Gauss, which did not 
change on further strengthening of the field. If the used solutions 
were neutral, the effect remained pretty well constant after excita- 
tion of the field. On the other hand for acid solutions (which con- 
tained only very little free acid) a diminution and a reversal of the 
effect soon took place, till a value was reached, about ten times as 
great as the first effect after the excitation of the field. It is remark- 
able that Rowranp and Beit also always found sueh a reversal, 
whereas SQUumr found that above a certain strength of field the effect 
no longer increased, which is in agreement with what I observed. 
Another phenomenon that I regularly observed was the increase of 
the resistance of the solution as it was longer in the tube. At last this 
resistance can reach a value of some hundreds of thousands of ohms. 

Besides I made experiments with nickel. The electrodes were of 
so-called “Rein nickel” from the firm Kanipaum; as electrolyte 
generally a 5°/, solution of nickel sulphate was used. No effect, 
however, was observed with certainty, so long as the solution was 
neutral. Probably there was an effect in the sense required by the 
theory, but about five times smaller than for iron, which would 
therefore harmonize better with the theory. It was, however, impos- 
sible to obtain certainty in this respect, as the resistance of the 
solution soon became exceedingly great, even up to more than 
10° 2; moreover the zero position was very variable, much more 
so than was the case for iron. It is peculiar that the large resistance 
only consisted for very small electromotive forces; if on the other 
hand the latter was a few volts, the resistance became only a few 
thousands of ohms. For solutions of nickel sulphate greatly acidified 
with sulphuric acid no other effect was found than in neutral 
solutions ; there was no question of a reversal here, 
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Physics. — “Further experiments with liquid helium M. Prelimi- 
nary determination of the specific heat and of the thermal 
conductivity of mercury at temperatures obtainable with liquid 
helium, besides some measurements of thermoelectric forces 
and resistances for the purpose of these investigations”, By 
H. KAMERLINGH Onnes and G. Hoist. Communication N°. 142¢ 
from the Physical Laboratory at Leiden. 


(Communicated in the meeting of June 27, 1914). 


§ 1. Zntroduction. Measurements of the specific heat and of the 
thermal conductivity of mercury were considered to be of special 
importance with a view to the discontinuity, found at 4°.19 K. in 
the galvanic resistance of this metal. The preliminary results have been 
already mentioned in Comm. N°. 133, for the measurements were 
carried out as early as June 1912. We wished to repeat the experi- 
ments, which we considered only as a first reconnoitring in this 
region, because our opinion was, that, by some improvements in the 
experiments, the accuracy of the results could be considerably 
increased. Special circumstances frustrated this, and now, as there 
seems to be no prospect of a repetition for the present, we com- 
municate the details of our investigation. 


§ 2. Thermoelectric forces. The tirst difficulty in these deter- 
minations was the choice of a suitable thermometer. The measure- 
ments already performed about the resistance of platinum, gold and 
mercury did not give much hope, that there would be among the 
metals a suitable material for resistance thermometers. We have 
therefore investigated a series of thermoelements. The gold-silver 
couple, a suitable thermometer at hydrogen temperatures *), showed 
down to the higher helium temperatures a fairly large thermoelectric 
power, at the lower helium temperatures, however, the thermoelectric 
power diminishes rapidly, so that this couple did not satisfy the 
requirements. Moreover, this couple was not at all free from disturbing 
electromotive forces, which appeared at places of great fall of tem- 
perature in the cryostat. Nearly all other elements were subject to the 
same fault. But apart from this, none of the combinations was suitable. 
Notwithstanding, we communicate the results of our determinations, 
because they show clearly that according to the theoretical investi- 
gations of Nernst and Kersom ®), the thermoelectric power of all 


1) Compare H. KaAmerLiNGH Onnes and J. Cray, Comm, NO. 1075, 

2) W. Nernst, Theor. Chem. 7e Aufl. 1913 p. 753. Berl. Sitz. Ber. 11 Dez. 
1913p." 972. 

W. H. Keesom, Leiden. Comm. Suppl. N°. 305 (Proceedings May 1913). 
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couples investigated approaches to zero at heliumtemperatures. The 
different wires were measured against copper. After a preliminary 
research, which included also the determination of the thermo- 


10°v 


+1300 


+1200 


400 


Fig. 1. 
electric forces of nickel and of six gold-silver alloys, the following 
combinations were selected as most promising for investigations in 


liquid helium. 


Thermoelectric forces against copper. 

if Ag Aw Aus Pt Pb | He Const. | VIA!) 

er Sl Ke _ 28 | —129 | —257 | —298 | —457 | +1293 5 — 432 

20° —28 | —282 | —326 | —68 | —553 | +1319 | —6280 | —819 

4°26 —21 —375 | —328 | —58 | —559 | +1309 | —6630 | —990 

3°20 | — | —383 — —59 — +1309 | —6630 | — 1002 

zede. Cvet [07 Se ze = as, | ay | —1004 
1) Au with 0,476 weight °/) Ag. EN 
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Figure 1 shows their thermoelectrie forces against copper, at the 
absolute temperature 7’, given in the first column of the table. The 
temperature of the second juncture was 16° C. 


§ 3. Change of the resistance of alloys with temperature. As it 
appeared impossible to find a suitable thermo-couple, our attention 
was drawn to the change of resistance of constantin, which had 
already been measured at hydrogen temperatures by KAMERLINGH 
Onnes and Cray. This alloy shows bere a considerable decrease 
of resistance at decreasing temperature; it was, therefore, probable 
that constantin could be suitably used as a resistance thermometer at 
helium temperatures. Experiments have shown that this was in fact 
the case. Later measurements (see comm. N°. 142a § 4) proved that 
also. manganin, whose resistance begins to diminish at decreasing 
temperature and which has at oxygen temperatures a considerable 
smaller resistance than at ordinary temperatures, is fit for tempera- 
ture measurements in liquid helium. 


§ 4. Specific heat of mercury. a. Experimental arrangements. 

The method, used in the determination of the specific heat, 
agrees most with the one used by Nernst in his investigations 
about the specific heat. A little block of solid mercury hung freely in 
a high vacuum and was heated electrically. The increase of temperature 
was determined by means of a constantin resistance thermometer. 
To obtain the little block of mercury the liquid metal (comp. fig. 2 
with magnified fig. of details) was poured into the vessel C through 
a capillary, provided with a funnel, which could be introduced 
through m. First C was in the same way supplied by means of a 
funnel with a small quantity of pure pentane, which, at the intro- 
duction of the mercury, remains as a thin layer between the glass 
and the mercury. A little hollow steel cylinder (thickness of the 


wall ‘/,, m.m.), which contained the heating wire — a constantin 
wire, insulated with silk and covered with a thin layer of celluloid 
to avoid all electrical contact with the mercury — was immersed 


in the mereury. Round this cylinder a second constantin wire was 
wrapped, which was to be used as a thermometer. The little cy- 
linder was, by means of silk wires (stiffened by celluloid) fixed to 
a little glass rod, which could be moved up and down through 
the tube B, and which was centred by constrictions in this tube. 
This glass rod was connected to a silk wire, which could be 
screwed up and down by turning the handle A. Now the mercury 
was frozen by cooling down to the temperature of liquid air, The 
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thin layer of pentane, which is 
spread over the glass, acts as a 
viscous lubricant at this temperature 
and prevents the sticking of the 
mercury to the wall in freezing. 
After having been frozen, the little 
block of solid mercury was screwed 
up by means of the handle K 
and the temperature was increased 
to about — 50° C. Thereupon a 
high vacuum was established by 
means of a GAEDE mercury pump 
and the pentane was distilled off 
into a tube, immersed in liquid air. 
During the experiments the heat 
insulation of the block appeared 
to be so good, that the tem- 
perature remained many degrees 
above that of liquid helium, al- 
though it was let down against 
the glass wall. Therefore a little 
gas had to be admitted in order 
to ecol the block. This manipula- 
tion succeeded perfectly, but the 
gas could not be removed quickly 
enough in the short time available 
for the experiments. The loss of 
heat of the mercury was thus 
very considerable (decrease of the 
temperature difference to half of 
the original value in about 100 
seconds) and therefore the cor- 
rection, to be applied to the in- 
crease of temperature while heat- 
ing, remains the greatest source of 
Fig. 2. Fig. 3. uncertainty. Nevertheless it seems 
possible, that the results are accurate to about 10°/,. 

The thermal capacity of the hollow steel cylinder with the thermo- 
meter and the heating wires was determined afterwards by a separate 
experiment, Fig. 8 shows the apparatus used for this purpose. 

b. Results. Measurement at the boiling point of helium. The quantity 
of heat supplied to the mercury amounted to 1,10 cal., the increase of 


SAQA, 
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temperature, corrected for the loss of heat during the period of heating, 
was 2,22 degrees K. whilst the quantity of heat, necessary to heat the 
little steel cylinder with the thermometers 2,22 degrees, amounted to 
0.11 cal. (result of a separate experiment). Control experiments showed 
that the heating wire (used as a thermometer) and the thermometer 
wire outside the steel cylinder had the same temperature. The mass 
of the mercury was 314 grammes, so that 0,00142 cal./degree K. was 
obtained for the mean specific heat between 4°,26 K. and 6°,48 K. 


w fj 
The relation of GRÜNEISEN ') ronte would *) have given c,‚=0.0037, 


for 4°.27 K. 

Measurement at 3°.5 K. Afterwards the experiment was repeated 
at the temperature of liquid helium, boiling under a pressure of 6 em. 
of mercury ; 0.000534 cal./degree K. was found for the mean specific 
heat between 2°93 K. and 3°97 K. 

Assuming this mean value of the specific heat, we shall calculate 
now the value of this quantity for a definite temperature according 
to Drsve’s formula, which holds for our very low temperatures 

bie Tee 
so that the mean specifie heat between two temperatures 7, and 
Teas 
CET) 
A(T 7) 

We obtain from the two experiments C= 0.0000088 and 0.0000127 
respectively. 

The agreement is not satisfactory; although, taking into account 
that the absolute temperature occurs in the formula in the 4 power, 
and that therefore small deviations in 7’ involve very large ones 
in C, we may safely conclude from our experiments, that, weth 
respect to the specific heat, nothing peculiar happens at the point of 
discontinuity, and that we may content ourselves with a preliminary 
mean value C= 0.0000110, when we assume for the moment that 
the specific heat does not show any discontinuity at all. 

We have then 


C= 


6501 ==. 0000TLO Te 
or for a gramme-molecule 
¢ = 0.00220 7™. 
For the characteristic constant 6, introduced by Desir we find 
1) E. Grinetsen, Verh. d. Deutschen Phys. Ges. 1913 p. 186. 


*) Compare KamertincgH Onnes and Horst, Leiden Comm. NO. 142a Proceed. 
June 1914. 
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with c, — 5.96 and 
3 13 


c= 0.00220 7 * — 77,938 — e — 464 — 
O's 0e 


| 060, 

As a matter of fact, the specific heat has been determined here 
at constant pressure and not at constant volume. In the foregoing 
calculation, the difference of the specific heats ¢, and c,, given by 

Gi Op Ae, I, 
has been neglected. Indeed, A is about 7,2 .10—> and c, and T’are 
both small. 

Using Desir’s formula, we can compare our results with 
those of PoLuirzeR') at somewhat higher temperatures. For this 
purpose we calculate a value of 6 agreeing as well as possible 


C 
with Porrirzer’s figures of —, we find then 110. In fig. 4 c, is 
On 


plotted as a function of 7’ according to DrBrisr ; the values, deter- 
mined experimentally, are indicated by circles. 

The accordance at helium temperatures is bad, as could be 
expected in consequence of the difference between the value of @ 
used in the calculation, and the one deduced from our experiments. 


Ge 
ce, | 
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3,75 | ae 
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Fig. 4. 


1) See F. PoLLitzeR. Zeitschr. f. Elektrochem. 1911. p. 5. 
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Meanwhile we remark, tbat in Porrrrzer’s experiments too a distinct 
deviation from DeBiE’s curve is to be noticed, in the sense of a 
decrease of 6 (about 115—162) with decreasing temperature, which 
would be, according to our experiments, very considerable down to 
helium temperatures ; further that, according to LINDEMANN’s formula 
and by comparison with lead (88), 6=61 is to be expected for 
mercury. 


§ 5. The thermal conductivity. 


The thermal conductivity was determined by means of the appa- 
ratus, represented in figure 5. A U-shaped tube, with double 
walls, and closed at ene end, was provided 
with mereury. The closed branch contained 
a constantin wire S, insulated by means 
of celluloid, which made contact with the 
mercury at the free end. This wire’ was 
used as a heating wire. The current return- 
ed through the mercury itself by means 
of a wire, in contact with the mercury at 
the open end of the tube. The fall of tem- 
perature was measured with 8 constantin thermometers 7, 7, 
and 7, consisting of wire of '/,, mm. thickness, wrapped around 
a small glass tube. The experimental arrangement is further ex- 
plained by the diagrammatic figure. All wires were connected to 
each other by two wires, insulated by thin layers of celluloid and 
further running free through the liquid helium. 

In consequence of a wrong manipulation during the preparation, 
the tube had lost a little mercury, so that only the two lower 
thermometer wires could be used. The heat developed in the heating 
wire and the difference in temperature thus produced were measured 
at two different temperatures, the one above and the other one 
below the point of discontinuity in the electrical resistance. The 
section of the cylinder of solid mercury amounted to 0.47 em’, 
the distance of the thermometers to 5,0 em. 

At the boiling point of helium the supplied energy was 0,633 
watt/sec., the difference in temperature produced 0.58; at 3°7 K 0,0865 
watt sec. and 0,23. 

From this we find for the mean thermal conductivity between 
4° 5 K and 5°,1 K. £=0.27 cal/em. sec. and between 3°.7 K and 
9.9 K: £=0.40 cal/em. sec. 

The thing, which immediately strikes us, is that there is here no 


Fig. 5. 
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distinet discontinuity as was found at 4°.19 K in the electrical con- 
ductivity, although the thermal conductivity becomes much larger, 
when the temperature decreases. As there do not exist direct deter- 
minations for solid mercury, we only can make a rough estimation 
with the aid of Wirprmann and Franz's law. . 

At the melting point, the electrical conductivity of liquid mercury 
amounts to 1.10. 10‘ em. tand of solid mercury to about five times 
as much, thus to 5.50. 10* emt 2-1, From this we tind by comparison 
e.g. with lead about 0.075 for the thermal conductivity. The values 
here obtained in liquid helium are 3.5 and 5.5 times as large. 


Chemistry. “Aquwilibria in ternary systems”. XVII. By Prof. 
SCHREINEMAKERS. 


(Communicated in the meeting of Oct. 31, 1914). 


Now we will consider the case, mentioned sub 3 (XVI), vizs 
the solid substance is a binary compound of a volatile- and a 
non-volatile component. A similar case occurs for instance in 
the system Na,SO, + water + alcohol, when the solid phase is 
Na,SO,. 10 H,O, or in the system FeCi, + HCI + H,O, when the 
solid phase is one of the hydrates of ferric chloride, for instance 
Fe‚Cl,. 12 H,0. 

For fixing the ideas we shall assume that of the three compo- 
nents A, B, and C' (fig. 1) only A and C are volatile so that all 
vapours consist either of A or of C or of A+ C. 

In fig. 1 CAde represents a heterogeneous region L—G'; ed is 
the liquid curve, CA the corresponding straight vapour-line. The 
liquid d, therefore, can be in equilibrium with the vapour A, the 
liquid e with the vapour C and each liquid of eurve ed with a 
definite vapour of AC. 

Previously (XVI) we have seen that this heterogeneous region 
L—G can arise in different ways on decrease of pressure, viz. either 
in one of the angiepoints A and C or in a point of AC; also two 
heterogeneous regions may occur, the one in A and the other in C, 
which come together on further decrease of pressure somewhere in 
a point of AC. 

In fig. 1 we may imagine that the region /—G' has arisen in these 
different ways; curve ed may of course also turn its convex side 
towards AC. Besides this heterogeneous region L—G we also find 
in fig. 1 the saturationcurve under constant pressure of the binary 

51 
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substance /’, represented by pq [we leave the curve rs, drawn in 
the figure out of consideration for the present]. 


A 


Fig. 1. 


In the same way as we have acted in the general case | fig. 11 (1)| 
or in the peculiar case (XI), we may deduce also now the different 
diagrams. 

T< Ty. At first we take a temperature 7’ lower than the 
minimummeltingpoint 7’ of the binary compound #. Now we find 
a diagram just as fig. 2 for the saturationcurve under its own vapour- 
pressure of # and the corresponding straight vapour-line. In this 
figure, in which the component-triangle is only partly drawn, Agn 
is the saturationcurve under its own vapourpressure; we find the 
corresponding straight vapour line Cg, on side CA. 

When we assume, as is supposed at the deduction of fig. 2, that 
neither a point of maximum-pressure, nor a point of minimum- 
pressure occurs, the pressure increases from n towards /; conse- 
quently it is lowest in m and highest in 4, without being, however, 
a minimum in ” or a maximum in h. It follows from the deduction 
that the sides solid-gas and solid-liquid of the threephasetriangles 
must be situated with respect to one another and to the side CB 
just as is drawn in fig. 2. 

It is apparent from the figure that the binary liquids 4 and » can 
be in equilibrium with the unary vapour C and that the ternary 
liquids a, e and 6 can be in equilibrium with the binary vapours 
a,, c, and 5. It is apparent that somewhere between the liquids c 
and 6 a liquid g must be situated, the corresponding vapour g, of 
which represents the extreme point of the straight vapour line Cq,. 

When a liquid follows curve An, first from A towards g and after- 
wards from g towards n, the corresponding vapour g, follows conse- 
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quently first Cy, from C towards g, and afterwards again this 
same line, but in opposite direction, consequently from g, towards C. 


Each vapour of this straight vapour line Cy, can, therefore, be in 
equilibrium with two different liquids, the one of branch A and the 
other of branch gi. 

We may express this also in the following way: when we have 
an equilibrium #4 L + G, then there exists under another pressure, 
also an equilibrium /#’+ L, + G,, in which Z and ZL, have a 
different composition; G and G,, however, have the same composition, 

It is apparent from the deduction of fig. 2 that in curve hn also a 
point of maximumpressure can occur. This case is drawn in fig. 3; 
in represents again the saturationcurve under its own vapourpressure 
and Cg, represents the corresponding straight vapourline; M/ is the 
point of maximumpressure, J/, the corresponding vapour. The points 
M,, M, and F must of course be situated on a straight line. 

While under the pressure Pj, there occurs only one equilibrium, 
viz. K+ Ly + Gy,, under each pressure, somewhat lower than 
Py there exist two equilibria, for instance P+ Le + Ga, and 
F+ L.G; we can imagine these to be represented by the 
threephasetriangles Yaa, and Fee,, when we imagine both triangles 
in the vicinity of the line FA/J/,. It follows from the deduction 
of the diagram that both these triangles turn their sides solid-gas 
towards one another, consequently also towards tbe line FMM. 

Suppose, we want the curves ed and pg to move in fig. 1 with 
respect to one another in such a way that a point of minimum- 
pressure occurs on the saturationcurve under its own vapourpressure, 

51* 
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then we see that this is impossible. Yet we can imagine a saturation- 
curve with a point of maximum- and a point of minimumpressure. 


When we trace curve An starting from n, we arrive first in the 
point of maximum- afterwards in the point of minimumpressure. 
We will refer to this later. 

Tr < T. Now we take a temperature Ta little above the minimum 
meltingpoint 7'p of the solid substance #. Then we must distinguish 
two eases, according as the solid substance expands or contracts on 
melting. We take the first case only. 

Then we find a diagram like fig. 4 (XI); herein, however, the 
same as in figs. 2 and 3, we must imagine that the vapourcurve 
han, is replaced by a straight vapourline Cy, on side CA. We 
will refer later to the possibility of the occurrence of a point of 
maximum- and a point of minimumpressure. 

We can, however, also get curves of a form as curve An and the 
curves situated inside this in fig. 6 (XI); these curves show as well 
a point of maximum- as a point of minimumpressure. 

When we draw the saturationcurves under their own vapour- 
pressure for different temperatures, we can distinguish two principal 
types; we can imagine those to be represented by figs. 5 (XI) and 
6 (XD. At temperatures below 7'p these curves are circumphased, 
above P'p they are exphased. In tig. 5 (XI) they disappear in a point 
H on side BC, in tig. 6 (XD) in a point & within the triangle. The 
corresponding straight vapourlines disappear in fig. 5 (XI) at Tagan 
the point C; in figure 6 (XI) they disappear at Tr in a point A, 
the intersecting point of the line FR with the side CA. 
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Now we will consider some points more in detail. In order to 
get the conditions of equilibrium for the system # + 4+ G, when 
F is a binary compound of B and C and when the vapour consists 
only of A and C, we must equate «=O and y,=0. The conditions 
(1) (II) pass then into: 


eZ 7 
Phe da NAY aye met BD 
ae ag Seg icy can ren 
4,—#,—+P—=5 
0a, dy 


Now we put: 
A= Uit ello a? and ZU, Aa loge of 7 (a) 
Hence the conditions (1) pass into: 


aU oe 
verd ae Ae ia a i a RRA UE 
a y 
ae ae KT U, eo 4 
AES Et ee +s — . . . . (4) 


Le RTI 2g OU; 
Oa ose te 


elo Gi No Wer Hr vale OD) 
1 
When we keep the temperature constant, we may deduce from 


(3)—(9): 
[er + (y — B)s4+ RT] dz + [as + (y —B)t]dy = AdP . (6) 


E tes > rr | de + [#,s — Bil dy =(A + OdP. . (7) 


RT RT C7 or 
r + —— | da + sdy — | r, + — | de, = —=—]|dP . (8) 
v U, Ox, Oa 


Here we must equate of course in A and C a=O and y, = 0. 
In order to let the pressure be a maximum or a minimum, dP 
must be =O. From (6) and (7) it follows that then must be satisfied : 

a Bp Aly Dh On; verven a ee 

This means that the point of maximum- or of minimumpressure 
M (x,y) and the corresponding vapourpoint J/, (7,y,) are situated 
with on a straight line (fig. 3). 

In order to examine the change of pressure along a saturation- 
curve under its own vapourpressure in its ends / and n (figs. 2 and 3) 
we equate in (6) and (7) e=0O and x, =U. Then we find: 


OV 
[(y—B)s + RT] de + (y—p) tdy = | v- » + (B) | dP (10) 


2, OV 
| a+ Sar dea =| ¥,— 0+ as | ar AD) 
Fy 
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The ratio 2,:2 has a definite value herein, as it follows from (5). 
When we eliminate dy from (10) and (11), then we find: 


E + (y—B) =| RT da =|8V + (y—8) V, — yr] dP. . (82) 


The quantities in the coefficient of dP relate all to the binary 
equilibrium F+ LG. When we call AV, the change of volume, 
when between the three phases of this binary equilibrium a reaction 
takes place, at which the unity of quantity of vapour arises, then is: 

y—— AV, BFE GD Vg ee 

Consequently we may write for (12): 


ip — ite B RT ; id 
LP = 7 JT Nae a teu sin we a 


Now we introduce again, as in (XI) the perspective concentrations 
of the substance A in liquid and gas; it is evident that the per- 
spective concentration S, is equal to the real concentration 2, of A 
in the vapour; we find for the perspective concentration of A in 
the liquid: 

Bu 


py 


= 


(15) 


so that we can write for (14): 


dP at; SN RT 
nr EER us, WEE See 
de J ob a ER 


When the vapour contains the three components, then, as we have 
seen previously (14) (XI) is true; when we replace herein S, by 2,, 
this passes into (16). 

It follows from (16) that the sign of the change of pressure in 
the ends A and n of a saturationcurve under its own vapourpressure, 
depends on the sign of AV. Now AV, is almost always positive 
for the binary equilibrium /’+2-++-G and it is only negative between 
the points / and H [fig. 5 (XI) and fig. 6 (XI)|. Consequently AV, 
is positive in the points 4 and n of figs. 2 and 2, also in the point 
h of fig. 5 (XI) and 6(XI); AV, is negative in the point n of the 
two last figures. Further it follows that the sign of the change of 
pressure is not determined by the ratio #,:# (the partition of the 
third substance between gas and liquid) but by the ratio S:, (the 
perspective partition of the third substance between gas and liquid). 

Let us take now a liquid of the saturationcurve under its 
own vapourpressure in the vicinity of the point h of fig. 2, for this 
we imagine triangle Faa, in the vicinity of the side BC. From the 
position of Fa and Fa, with respect to one another, follows 
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S>a,. As AV, is positive in h, it follows from (16) that the 
pressure must decrease on addition of a third substance. We see 
that this is in accordance with the direction of the arrow in the 
vicinity of h. 

In the vicinity of point / of fig.3 is a, > S as follows from the 
position of triangle Faa,. As AV, is positive, it follows from (16) 
that the pressure must increase on addition of a third substance. 
This is in accordance with the direction of the arrow in the vicinity 
of h. 

In the vicinity of point n of the figs. 2 and 3 S is negative (we 
imagine for instance in fig. 2 triangle Fbb, in the vicinity of side 
BC); as AV, is positive, it follows from (16) that in both figures 
the pressure must increase, starting from 7. 

Consequently we find: in a terminatingpoint of a saturationcurve 
under its own vapourpressure, situated between Cand H, the pressure 
decreases on addition of a third substance, when the threephase- 
triangle turns its side solid-gas towards LC (fig. 2) and the pressure 
increases when the threephasetriangle turns its side solid-liquid 
towards BC. 

As, therefore, at temperatures lower than 7'p (figs. 2 and 3) the 
pressure always increases, starting from 7, and increases or decreases 
starting from h, we find the following. When we trace curve nh, 
the pressure increases continually starting from » towards h (fig. 2), 
or we come starting from n first in a point of maximumpressure, 
after which the pressure decreases as faras in h (fig. 3) or we come, 
starting from n first in a point of maximum- and afterwards in a 
point of minimumpressure, after which the pressure increases up to /. 

As in point A of tig. 5 (XI) the pressure decreases starting from 
h, consequent it is assumed here, that the threephasetriangle turns 
its ‘side solid-gas towards BC. (Cf. fig. 2 and fig. 4 (XI); in this 
last figure we imagine however curve /i,n, on side CA). In the point 
h of fig. 6 (XI) is assumed that the threephasetriangle turns its side 
solid-liquid towards BC. 

Let us consider now the terminatingpoint » of the saturationcurve 
in fig. 5 (XI) and fig. 6 (XI). As n is situated between F and H, 
AV, is negative, when the threephasetriangle turns its side solid- 
gas towards BC, then is S >>, and it follows from (16) that the 
pressure increases on addition of a third substance. We then have 
the case of fig. 5 (XI). When, however, the threephasetriangle turns 
its side solid-liquid towards BC, then S<{w, and it follows from 
(16) that the pressure decreases on addition of a third substance. 
We then have the case represented in fig. 6 (XI). 


774 


When we consider the saturationcurve going through the point 
Fin fig. 5 (XD and fig. 6 (XD, then for this point y= 8, conse- 
quently, according to (15) S= a. From (13) follows also 4 V,= 
Therefore we take (12); from this follows for y= 8 


aP RT 
lk A plies AEC es ORR 
da az—0 V—v 


As fig. 5 (XI) and fig. 6 (XI) are drawn for V >», the pressure 
must increase starting from / along the saturationcurve going 
through /. 

As the pressure increases starting from /’ along the saturation- 
curves under their own vapourpressure of fig. 6 (XI) and decreases 
starting from a point m, situated in the vicinity of , somewhere 
between J’ and n must consequently be situated a point, starting 
from which the pressure neither increases nor decreases. This point 
‚therefore, the point of maximum- or of minimumpressure of a 
saturationeurve, and is not situated within the componenttriangle, 
but accidentally it falls on side BC. It follows from the figure that 
this point is a point of -minimumpressure; we shall call this the 
point m. 

The limiteurve (viz. the geometrical position of the points of 
maximum- and minimumpressure) goes consequently through the 
points m and R; it represents from m to # points of minimum- 
pressure; starting from / further within the triangle, it represents 


is 


points of maximumpressure. This latter branch can end anywhere 
between H and C on side BC. 

The terminatingpoint of a limiteurve on side Bf’ can be situated 
between Fand C, but cannot be situated between fand B. A similar 
terminatingpoint is viz. a point of maximum- or a point of minimum- 
pressure of the saturationcurve, going through this point. Consequently 
in this point along this saturationeurve d?=0; from (16) it follows 
that then must be satisfied : 


S=. or Pe (ya, =O 2. on EE 


Herein w and 2, are infinitely small; their limit-ratio is determined 
by (5). As » and 2, are both positive, it follows from (18): y < 8. 
The terminatingpoint of a limiteurve must, therefore, be situated 
between /’ and C (fig. 6) and it cannot be situated between /’ and 
B. In accordance with this we found above that one of the ends 
of the limiteurve is situated in fig. 6 (XI) between n and FL. 

Now we must still consider the case mentioned sub 4 (XIV), viz. 
that the solid substance is one of the components. A similar case 
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occurs for instance in the systems: Z + water + alcohol, wherein 
Z represents an anhydrie single, salt, which is not-volatile. 

For fixing the ideas we assume that B is the component, which is 
not-volatile (fig. 1), so that A and C represent the volatile components. 

Now we imagine in fig. 1 curve pq to be omitted, so that the 
curves ed and rs rest only, ed is the liquideurve of the region L—G, 
rs is the saturationcurve under a constant pressure of the substance PB. 

We can, in order to obtain the different diagrams, act in the same 
way as we did before in the general case, or as in communication 
XIII. For this we consider the movement of the curves ed and rs 
with respect to one another on decrease of pressure. 

As we assume that B is not volatile, these considerations are 
not true, therefore, for points situated in the vicinity of B. Equilibria 
situated in the immediate vicinity of 6 have viz. also always the 
substance 6 in their vapour, so that the considerations of com- 
munication XIII apply to these. 

When we decrease the pressure, the liquideurve ed (fig. 1) shifts 
further into the triangle towards the point 5, so that under a definite 
pressure the curves ed and rs meet one another. Now we distinguish 
three cases. 

1. We assume that the curves ed and 7s meet one another first 
in a point on one of the sides of the triangle; when this takes place 
on side BC, then consequently the points e and r coincide in fig. 1, 
while the two curves have no other point in common further. On 
further decrease of /?, this intersecting point shifts within the triangle 
and it disappears at last on the side A‘, when in fig. 1 the points 
s and d coincide. Curve ed is situated then inside the sector Brs 
and curve 7s inside the region CedA. 

From this follows that the saturationcurve of B under its own 
vapourpressure can be represented by curve habn in fig. 4, in which 
the arrows indicate the direction, in which the vapourpressure increases. 
The corresponding vapourcurve is the side CA; the liquid h viz. is 
in equilibrium with the vapour C liquid with the vapour A and 
with each liquid (a and 5) of An a definite vapour (a, and b,) of CA 
is in equilibrium. It follows from the deduction that the threepbase- 
triangles (Baa,, 6b),) turn their sides solid-gas towards the point / 
and their sides solid-liquid towards the point 7. 

This fig. 4 is a peculiar case of fig. 2 (XIII); when we suppose 
viz. that the substance £ does not occur in the vapour, curve h‚a,b‚n, 
of fig. 2 (XIII) must coincide with the side CA of the triangle and 
fig. 4 arises, 


~] 
~ 
lep) 


Fig. 4. 


2. Now we assume again that the curves ed and rs (fig. 1) meet 
one another first in a point of the side BC; this point of inter- 
section shifts then on further decrease of P into the triangle. Under 
a definite pressure we want a second point of intersection to be 
formed by the coincidence of d and s (fig. 1). The two points of 


B 


en 


mm, 6 A 


Fig. 5. 
intersection approach one another on further decrease of pressure, 
in order to coincide at last in a point m. It is evident that m is a 
point of minimumpressure of the saturationcurve under its own 
vapourpressure; it is represented in fig. 5 by curve vambv, the 
corresponding vapourcurve is the side CA. It is evident that the 
vapour m,, which can be in equilibrium with the liquid m, is 
situated on the line Bm. 

3'¢. We can assume also that the curves ed and rs (fig. 1) meet 
on decrease of pressure first in a point J/, which is situated within 
the triangle. On further decrease of pressure then two points of 
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intersection arise; the one disappears on BC by the coincidence of 
e and 7, the other on BA by the coincidence of d and s (fig. 1). 
It is evident that J/ is then the point of maximum-pressure of the 
saturationcurve of B under its own vapourpressure, the corresponding 
vapourpoint M/, is situated of course on the line BM. 

One can understand the occurring diagram with the aid of fig. 5 ; 
‘herein we have to give an opposite direction to the arrows and we 
have to replace the points of minimumpressure m and m, by the 
points of maximumpressure J/ and JM, ; further the triangles Baa, 
and £Lbb, are to be drawn, in such a way that they turn their 
sides solid—gas towards the line MM. 

We shall consider some points in another way now. In order to 
find the conditions of equilibrium for the equilibrium B + L + G, 
when the vapour consists of A and C only, we equate in the 
relations (1)—8) @=1; in the general values of A and C (ID) 
we put «c= 0, B=—1 and y, = 0. The condition for the occurrence 
of a point of maximum- or of minimumpressure (dP = 0) becomes then: 

Ves.) Sao Ns ea ea EE 1) 

This relation also follows from (9), when we put g=1. This 
means: the point of maximum: or of minimumpressure of the saturation- 
curve of B under its own vapourpressure and the corresponding 
vapourpoint are situated with point B on a straight line (fig. 5). 

In order to determine the change of pressure along a saturation- 
curve under, its own vapourpressure in its ends on the sides BC and 
BA (figs. 4 and 5) we put in (16) g=1. We then find 


dP a SND 
en See hb ie a de Sa HN 
OE aL ae A 


In this S and AV, are determined by (13) and (15), when we 
put herein 81. Consequently S is always positive. When we 
apply (20) to the figures (4) and (5), then we see that the change 
of pressure is in accordance with the position of the sides solid-gas 
and solid-liquid of the threephasetriangles. 


Now we have treated the case that either the binary compound 
F (figs. 2 and 3) or the component B (figs. 4 and 5) occurs as solid 
phase. When F and B occur both as solid phases, then the two 
saturationcurves under their own vapourpressure can either intersect 
one another or not. We only consider the case, drawn in fig. 6, that 
the two curves intersect one another in a point; the vapour, being 
in equilibrium with the liquid s, is represented by s, (s, or s,). 

A similar case may occur for instance in the system Na,SO, + 
water + alcohol, then curve cs is the saturationcurve under its own 
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vapourpressure of Na,S0,. 10 H,O (#), sa the saturationcurve of the 
anhydric Na,SO, (B). Then there exists a series of solutions, saturated 
under their own vapourpressure with Na,SO,.10H,O. (curve cs) 
and one series saturated with Na,SO, (curve sa); the equilibrium 
Na,SO,.10H,O + Na,S0, + Ls + Gs oceurs only under a definite 
pressure P,. The solution ZL, has then a definite composition s and 
the vapour, which consists only of water and alcohol has a definite 
composition s, . 

In the binary system Na,SO, + water, the equilibrium Na,SO, . 10 
H,O + Na,SO, + vapour exists only under one definite pressure; we 
shall call this pressure P,. In the ternary system Na,SO, + water + 
alcohol the equilibrium Na,SO, .10 H,O+Na,S0,+L,+6, exists also 
only under a definite vapourpressure /;. This pressure P, is influenced 


B 


Fig. 6. 
by the watervapour and the alcohol-vapour together; now we may 
show that the partialpressure of the watervapour herein is also equal 
to P, and that the pressure of the alcohol vapour is consequently 
PP 

In order to show this, we consider the general case that in the 
system A+ B+C (figs. 1—6) the substances A and C are volatile 
and that a compound / of B and C occurs. 

The binary equilibrium B + F+ G,, wherein the vapour consists 
of C only, occurs under a single pressure P, only. 

The ternary equilibrium B+ F+ G, wherein consequently the 
vapour consists of A and C, can occur at a whole series of vapour- 
pressures. 

When we represent the § of B and # by § and &,, then the 
condition of equilibrium is true: 


OZ, 
BDA) BREN 
0a, 
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Hence follows: 


OV. 
E == by =. (P-— 8) (v. — @, =i) dP+(1—B)e,r,de, =0. (22) 


el 


When we assume that the gas-laws hold for the vapour G, then; 


OV, ' RT ba 
ae amd 2 7, a2 ee a a ee 
Oz, Ten sie 
From (22) now follows: 
ees 
ABP, HBP, SRT de, . . (24) 
— a, 


The coefficient of dP represents the change of volume when 1 Mol. 
F is decomposed into 3 Mol B+ (1 — 8) quantities of G; this is 
very nearly (1— 8) V,. As at the same time PV, = RT, we can 
write for (24); 

(Ue) dP =S Pao... NE 

From this follows: 


DE 
Bas ae 2 


le, 


When we call the partial pressures of A and C in the vapour Py 
fade, utene.) 4 it and Po — (1 — a) Po from 26) now 
follows : 


P 


SP and) “Po 22, we 7 eee ee 
a | 

This means that in the ternary equilibrium B+-F+G the partial 
pressure Po of the substance C is equal to the vapourpressure of 
the binary equilibrium B+ F4 G. 

When we bear in mind now that in a system the pressure and 
the composition of the vapour do not change, when we add to this 
system stili a liquid, which is in equilibrium with all phases of this 
system, then follows: 

In the ternary equilibria 6+ #4 G and 6+ + Ld G, the 
partialpressure of the substance C in the vapour is equal to the 
vapourpressure of the binary equilibrium 4+ F+ G,. 

The first equilibrium (viz. BH F+ G') exists at a whole series 
of pressures; both the others occur under a definite pressure only. 

The binary equilibrium Na,SO .10H,O + Na,SO, + watervapour 
has at 25° a vapourpressure of 18.1 m.m. when we add alcohol, 
then, when the gas laws hold in the vapour, in the equilibrium 
Na,SO,.10H,O + Na,SO,-+G and Na,SO,.10H,O + Na,S0, + LG 
the partialpressure of the watervapour will also be equal to 18.1 m.m. 


Now we will put the question, whether we can also deduce some- 
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thing about the change of pressure starting from s along the curves 
sa and sc (fig. 6). In communication V we have deduced the following 
rule. When the equilibrium solid + Z can be converted with increase 
of volume into solid + LZ’ + G’ (in which L’ differs extremely little 
from £) then of a threephasetriangle solid—liquid—gas the side 
solid—liquid turns on increase of pressure towards the vapourpoint 
and it turns away from the vapourpoint on decrease of pressure. 

When we assume now that s (fig. 6) is not situated in the vicinity 
of B or F (the equilibrium B + L and F+ L converts itself into 
B+L’+G’ and F+ L/ + G’ with increase of volume) we can 
apply the above-mentioned rule. We distinguish now according as 
the vapour is represented by s,,s, or s,, three cases. 

1. The vapour is represented by s,. 

First we consider the threephasetriangle /’ss,. When the side Fs 
turns towards c, then consequently it turns towards its vapourpoint 
s,; the vapourpressure increases, therefore, starting from s along sc 
towards c. 

Let us consider now the threephasetriangle Bss,. When the side 
Bs turns towards a, it turns, therefore, away from its vapourpoint 
s,; consequently the vapourpressure decreases starting from s along 
sa towards a. 

Consequently we find that the vapourpressure starting from s 
increases along sc and that it decreases along sa. It is evident that 
this is only true for points in the vicinity of s; the occurrence at 
a greater distance of s of a point of maximumpressure on sc and a 
point of minimumpressure on sa, is viz. not excluded. 

2. The vapour is represented by s,. 

It follows from a consideration of the threephasetriangles /’ss, 
and Bss, that the vapourpressure starting from s increases as well 
along sc as along sa. 

3. The vapour is represented by s,. 

It follows from a consideration of threephasetriangles #ss, and 
Bss, that the vapourpressure starting from s decreases along se and 
increases along sq. 

We can obtain the previous results also in the following way. 
Between the four phases of the equilibrium 6 -+ /’+ ZL, + vapour 
(s,, 8, Or s,) a phasereaction occurs on change of volume. We choose 
this reaction in such a direction that vapour is formed, we call the 
change of volume AY. ke 

The point s (fig. 6) is a point of the quadruplecurve B + F+ 
+L+G; AV is positive for each point of this curve. When, 
however, a point of maximumtemperature H occurs on this curve, 
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then AV is negative between this point H and the terminatingpoint 
of the curve on side BC. It is apparent from the position of the 
curves sc and sa (fig. 6) that point s is chosen on that part of the 
quadruplecurve, where AV is positive. We distinguish now again 
the same three cases as above. 

1st. The vapour is represented by s,. 

It is apparent from the position of the points #, B,s and s, with 
respect to one another that the fourphase-reaction : 

DR Ie NAV > 0) 

F+L+G (Curve sc) | B+2L-+G (Curve sa) 

i Bb | FIB+G 
takes place; it proceeds from left to right with increase of volume 
Hence it follows that the equilibria written at the right of tbe 
vertical line occur under lower pressures, the equilibria at the left 
occur under higher pressures. In accordance with the above we find, 
therefore, that starting from s (tig. 6) the pressure increases along 
se (equilibrium F4 2+ G) and decreases along sa (equilibrium 
B+L+G). 

2.4 and 3rd. Also in these cases we find agreement with the 
previous considerations. 

When a point of maximumtemperature MZ occurs on the quadruple- 
curve B+ FH LG, then two points of intersection s occur at 
temperatures a little below 77. When we consider now a point 
of intersection s between /H/ and the terminatingpoint of the qua- 
druplecurve on side BC, then AV is negative. This involves that 
above in 1st—3'd increase of [ is replaced by decrease of P and 
reversally. We find also the same when we consider the threephase- 
triangles solid-liquid-vapour. To be continued.) 


Chemistry. — “On the quaternary system: KCI—CuC1,— Ba Cl, H, O.” 
By Prof. ScHREINEMAKERS and Miss W. C. pr Baar. 
(Communicated in the meeting of October 31, 1914). 


In a previous communication’) we have already discussed the 
equilibria occurring in this system at 40° and at 60°; the results of 
the analysis on which these considerations are based, we have hitherto 
not yet communicated. Now we will communicate the results of the 
analysis; all the points, curves etc. quoted in this communication 
apply to the two figures of the previous communication (l.c). We 
want to draw the attention to the fact that fig. 1 represents the 
equilibria at 40° and tig. 2 the equilibria at 60°. 


1) These Communications (1912 326. 
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TABLE 1. 


Composition of the solutions in percentages by weight at 40° (fig. 1. l.c.). 


Point) KCl | BaCl, | CuCh | H,0 | Solid phases 
| | 

a 0 0 | 44.67 | 55.33 | Cu Clo. 2 H2O 

b 0 3.72 | 42.72 | 53.56 | BaClh.2H,O+CuCl.2H,0 
5 0 28.98 0 11.02 Ba Cl. HO 

d | 23.98 | 9.15 0 66.87 | BaCl.2H,0-+KCl 

e | 28.63 0 0 71.36 | KCI 

f 4 2188 0 22.85 | 55.62 K+ Doo 

el tok ib 43.83 | 46.38 Cul 12 Hs ADS 

b o | 3.72 | 42.72 | 53.56 Ba Cl, .2H,0 + Cu Cl,.2H,0 
Es | 5.52 | 3.30 | 42.35 | 48.74 : 

Sh | 9.88 | 2.99 | 42.07 | 45.06 | BaCl,. 2H,0-+ CuCl; . 2H,0 +Dj „5 
gele 23008) |) 945 0 66.87 Ba Cl. 2 Hs O + KCI 

» | 21.46 | 8.90 | 8.44 | 61.20 ; 

ES 

G | 20:61 | Aes | 14.31 | 57.45 ‘ 

i | 20.61 | 5.40 | 20.47 | 53.52 Ba Cl, 20 KG Bee 
ns 0 22.85 | 55.62 cee bea 

a 21.31 | 2.59 | 22.08 | 54.04 : 

~; | 20.61 | 5.40 | 20.47 53.52 BaCl,. 2,0 4 KCl eee 
es | 9.79 0 43.83 | 46.38 Cul 2E Dis 

Ee 9 | 146 402 | 45.38 : 

h | 9.88 | 2.99 | 42.07 | 45.06 | CuCl. 2H,0 + BaCl2H,0+ Dio. 
i | 20.61 | 5.40 | 20:41 | 53.52 BaCly,.2H.0 KGS 

o | 16.44 | 4.72 | 27.22 | 51.62 Ba Cls 2H,O + Dia. 

8 | u.44 | 3.66 | 34.65 | 50.55 ; 

h | 9.88 | 2.99 | 42.07 | 45.06 | CuCl.2H,O + BaCly. 2H,0 + Diaa 


Composition of the solutions 


TABLE I. 


in percentages by weight at 60° (fig. 2 1.c.). 


Point 


KCI 


BaCl, 


CuCl, 


41,42 
43.57 


H,0 


Solid phases 


CuCl, . 2H,0 
CuCl, . 2H,0 + BaCi, . 2H,O 
BaCl, . 2H,O 
BaCl, . 2H,O + KCl 
KCl 
KCE DS 
Die De, 
CuCl, .2H,O + Di, 


Boley 0 6.87 | 43.57 | 49.56 CuCl, . 2H,O + BaCl, . 2H,0 
Vv 
cs! 6.32 | 5.99 | 43.68 | 44.01 E 
©, 
1 | 12.45 | 4.93 | 44.09 | 38.53 | CuCl.2H,O + BaCly.2H,O+ Di, 
eh BRO idle) 0 62.08 BaCl, . 2H,O + KCI 
v 
Ze | 23.15 | 10.01 | 12.01 | 54.83 ; 
(5, | 
l 23.78 5.97 24.61 45.64 BaCl» a 2H,O KCl + D, .2.9 
ee eee 
f t 2812 | 6 26.57 | 47.31 KCI + Di 5 
vo 
Ew, | 24.53 | 3.32 | 25.46 | 46.69 ; 
©, 
i | 23.78 | 5.97 | 24.61 | 45.64 KCl + BaCi» . 2H.0 + Di 25 
eS iris ct 6 43.45 | 39.42 Das Dit 
Vv 
ES | 16.50 | 2.51 | 42.20 | 38.79 ; 
©, 
h | 15.75 | 4.75 | 40.84 | 38.66 BaCh, .2H,0- Die DR 
bol ier Ie 6 46.40 | 39.93 CuCl, . 2H,O + Dis 
8) 
Ez | 13.04 | 2.52 | 45.24 | 39.20 : 
5 
1 | 12.45 | 4.93 | 44.09 | 38.53 | CuCl,.2H,O+BaCl,.2H,0+D,,, 
keb) 
ES | 19.58 | 5.40 | 32.37 | 42.70 BaCl, . 2H,O + D 4» 
5 | 
h | 15.75 | 4.75 | 40.84 | 38.66 BaCl,. 2H,O + Dy 22 + Di 
h 1/15 4,15 40.84 38.66 BaCl, . 2H,O + D, 5.» + Di. 
14.78 | 4.83 | 42,13 | 38.26 BaCl, .2H,O + D.., 
1 | 12.45 | 4.93 | 44.09 CuCly. 2H,0 + BaCl,. 21,0 + Di, 


38.53 | 
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Physics. — “On the theory of the string galvanometer of EINTHOvEN.” 
By Dr. L. 5. ORNSTEIN. (Communicated by Prof. H. A. LORENTZ.) 


(Communicated in the meeting of September 26, 1914). 


§ 1. Mr. A. C. Crenorr has developed some considerations in 
the Phil. Mag. of Aug. 1914), on the motion of the string galvano- 
meter, which cause me to make some remarks on this subject. 

For a string, immersed in a magnetic field //, and carrying a 
current of the strength ./, the differential equation for the elongation 
in the motion of the string is 


04 Oy Oy HI 
ke ee i oe 
Pe Oe 5 0) 
in which x is the constant damping factor, a? = —, 7’ is the tension 
O 


Q 
and o is the density. The direction of the stretched string has been 
chosen as the a-axis. For «=O and «—/ the string is fixed, so 
y =. In deducing the equation the ponderomotive force is supposed 
to be continually parellel to the elongation 4, which is only approxi- 
mately true, since the force is at every moment perpendicular to 
the elements of the string (perpendicular to / and H); but if y 
may be taken small, then the equation (1) is valid. The approxi- 
mation causes a parabola to be found for the state of equilibrium 
with constant H and ./, instead of the arc of a circle, as it ought 
to be; however, the parabola is identical with a circle to the degree 
of approximation used. . 

Dr. CRrrHORE now observes, that the equation (1) may be treated 
after the method of normal codrdinates by putting 


SITX 


y = 2 Pein —— oy SS ke ROER 


Besides the equation 1, he deduces a set of equations, the “circuit 
equations”, which give a second relation between g‚ and J (from 
(1) there originates in the well-known way an equation for every 
coordinate y,). The obtained solutions will be independent, when 
the circuit equation is true, and again their sum is a solution of the 
problem. However, from the deduction of the circuit equation it cannot 
well be seen whether this is the case, since not entirely exact 
energetic considerations underlie this deduction. Now supposing the 
string to be linked in a circuit with resistance /?, and self-induction 
L, the circuit-equation may be easily found by applying MaxwEL1’s 


1) Theory of the String Galvanometer of Einrmoven. Phil. Mag. Vol. 28, 1914, p. 207. 
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induction-equation. For in consequence of the motion of the string 
in the magnetic field the number of lines of force passing through 
the circuit changes to an amount proportional to 


Expressed in the units used by Dr. Crrnorn, the induction-equation 


now takes the form: 


l 
Bn rl g (3 
Zee ST eo . . . . ° (3) 


0 
where / is an external electromotive force acting on the circuit. 

§ 2. The problem of finding the vibrations governed by the 
equations (1), (3) and the condition y=0O for e=0O and «=—/, 
can be easily solved. First, let be 0, and so the question of free 
(damped) vibrations may be put. Suppose that 

Gap et = fb gat 
where p is a function of wand J is a constant. Then the equations 
change into 
Om HI 
Oa? ee. 
( 


0=AI+ Lio itt f pas. 


9 


— wv’ p + wap — a 


0 
Hence 
l 
dp iw 
v4 ee ’ ; 2 — dx. 
Ee Rr 
0 
Pulite ws at in ther first be 
eN rst member n? and ————— = 
utting w twx in the first m t, 2a o( + Lie) p we 
have 
: 1 
2 
n° pta? Laer [vee 
Ox? 
a 0 


This equation may be satisfied by 
n _n 
g=Acs—a#+ Bane + C 
a a 


provided that 
52* 
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a 3 nl a nl 
=. (5 Asin + OB Les |C). . 
n a nN a 


whereas, because of the boundary conditions, we must have 
A+ C=0 


nl Amb 
A eos — + Bsin— + C==0. 
a a 
This gives for the frequency the transcendental equation 


x 


nl? 
eos 
a nl a a 


=P — sin — — + 


or 


BE, al a nl 
n? sin — =p | l sin — — 2— 1 — cos — : 
al a u a 


From this it appears immediately that we must have 


_ al 
GN Oe a 2 
2a 
or 
E nl nl. Za nl E 
n° cos — = p | leos— — — UN — en rae (0 
2a 2a n 2a 
(5) ean be satisfied by 
nl 
eT 4 : (7) 
2a 


or, henee 


ay (= =) 
dm : 


As is immediately to be seen, these are the damped vibrations of 
even order, which the string can perform in the absence of the 
current. It is evident that the presence of current and field have 
no influence on tbe vibrations of even order. [f the resistance is 
infinitely great, the constant p in the equation (6) is zero. In this 
case the equations can be satisfied by n=O, or o =O, ie. the 
string is at rest; and further by 

nl 
cos — = 0. 
2a 
Hence 
nl dt 


ze ie EE RETE vd ER (8) 


of 


187 


we — iox = — Ra a 
) e 


The frequencies arrived at are those of odd order, altered by 
current and field. For large values of R an approximate value of 


n can easily be expressed in the form ng +s. From (6) follows 
L 


= Mei Aa 
ek ok ns! 
s being an odd number, / being taken zero, while for w and n, their 
values for A= must be put. Taking x= 0, i.e. neglecting the 
air-damping in comparison with the electrical damping, we find 
sa 4H*il 


iN : a. Uo Ste SEA Ae De eee 
l Ee CW de @) 
In the solution, therefore, there is a damping factor of the form 
jn Apt, 
Op ee 


The influence of the damping is the less, the greater the value of 
s is. This is directly evident, for if s is great, the string vibrates in 
a great number of parts with opposite motion. The electromotive 
force generated by those parts therefore is annulled. 

In case A is small, the roots of the equation (6) are those of the 
transcendental equation 


nb 42a A nl 
cos — gin — 0 
2a n 2a 
or 
2a ; nl 1 foe 
—_— td —_- = e e . e = e . e 
nl 2a CON) 


nl 
The quantity — approaches to odd multiples of 


of A an approximate form n,-+aF can be easily indicated. Taking 
again L—=0 and «=O, we find 


. For small values 


bo| Q 


where ms is an arbitrary root of (10). In case the resistance is small, 
all vibrations suffer the same damping. 
For fp we find 


nl _ n(l—a) ~ na 
sin — — Nn — sin — 
2 a a 
Ps = 
Sid 
sin — 


a 


1) Compare ‘for instance Riemann-Weser, Partielle-Differential Gleichungen, II, 
p. 129. 


hence for 4 


_nl n (l—a) ns 
sin — — sin — — sin — 
: 5 a a a (i 
ae Ee A . . . 
d nl ) 
sin — 
a 


The real and imaginary part of this expression satisfy the equations 
and the boundary conditions. A sum of solutions for different values 


d 
of w satisfies the equation. If and = are given for {= 0, we can 
C 


with the aid of the given functions find the solution. The found 
proper functions are not orthogonal, but by an appropriate linear 
substitution orthogonal functions can be obtained. If y is known, I 
can be calculated from (3). 


$ 3. It is useful to work out the problem. Using the assumption 
(2) of CrrHORE, we obtain for p‚ the following set of equations 
(taking k and / zero): 


se : AHJ 
Ps + Ns Ps = dele eee en (12) 
STO 
and 
UH _ ps 
RIA EES TA tn eN 
nx s 
where 
SITA 
Ns — —— 
l 


Here s is an odd number; for even values the second member 
of (12) is zero, and the even vibrations are therefore unchanged. 
Now putting 
Ps = 0,6 ; Jd et, 


and 
AHI if 
as — ’ 
STO Ns?—w? 
we find 
gr Sn 


The frequency-equation therefore is 


81 Hi 1 
Ra 02. fae oe eae 


ox, s? (ns? —@’) 


This frequency-equation has the same roots as equation (6), which 
if « and / have been taken O, takes the form 
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+ 


wl iH?! al 2a, al 
Ee ia Ro CO EEEN 


The identity of these frequency-equations can be easily shown. 


2 
Put 


i=k, then (6a) takes the form 
re == a 
na s* (ns? —w’) 


deus 1 
Pe 
Kk de 3? 


: : a am 
The sum of inverse squares of odd numbers is re Further, 
O 


n'a 
ns’ = ——., therefore the first member amounts to 
C 


2 


k a 
1——+ 8&— & 
w fe 


For ig z we have 


where s is again an odd number, therefore we obtain 
Ne EN) 
The equation (6) takes the oa 


wl wl (i ' is 
@ cos — = vS 
: dl @ 2a 05 |= (15) 


The equations (14) and (15) have the same roots, for the vectors 


wl [ J 
w and cos — do not contribute roots to (15). 


atl . 
Having found the roots of (14), we can determine y. Each root 
; ; , srr 
yields a Fourier series. In the case that (R = 0), sim —— must be 


e 


combined with one frequency only. For our case we have 


= A, West . SAT 
nn sin —— 
s (ns? —w’) l 


sre Ay 2 xt 
3 in ee Sp e hpt ane Bad, OLON 
Ss Ns —W,? 


The Fourier series which is the vector of A Korg must be equal 
to the function which in $ 2 appears as the vector of the same 
exponential. This can be shown by direct development. It is apparent 
that by a given frequency all the original normal coordinates are 
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set into motion. For very great and very small values of A, the 
constants A in the expression (16) can easily be determined. 
We can also use (9) and (11). Let us write (141) in the form 


y _ gil I= 
nl 
COS = 
2a 
and let us introduce the value of n from (9), we then find 
: 4FT*| ; 
NE pn R i 
vs Rosa’ (: ee =) 
a J, a 
ZH 
where d; = a . Separating the real and imaginary parts, we find 
vs ne 
4H? 


= 2734) / Os ae Net. 
ek Resa IG (1 — cos =) cos ns t +- sin —— sin nt) A, 
a a 


ds Oeh ae st 
+ { —| 1 — eos — | sin nst — sin — cos nst | Bs 
R a a 


For the time ¢= 0 
J, 
waz Ss cos) A, — sin" B, | 
a 


R 
J, a ae) 
ee ne in" (1 = ona °) B+ ae 


Ros*ns 
Y SUL 
rig fi sin da =a, and f) 7 — de = bs; we have 


and 


0 
20. l 
be Se 
R 2 
l 2ns ARL 
a5 = ts 5 As +R = d, Bs + =~ 
Ros”: ns 
if l nsl l 
For R=o we get b= — = Be ag 9 Ae Therefore Bs; = — 5 bs 
2 
and A; = — as. Putting 
nsl 
— 2 as 
* Ins R 
2 Bs 
B ee Oi 
s i + R 


we have 
ORDE des Sri 
RO fs 2R . 
4. 8D: 
eN ae ze 
R IR Rys'ns 


These series are convergent, if the conditions for the ordinary 
Fourier series are fulfilled. We can therefore calculate a, and 8, with 
the help of the given formulae. 


§ 4. In the case U is a given function of the time, our equation 
can also easily be solved. 
a. First if Z is constant, we have 


E=RJ + H | dz. 
0 


The current / and y can be divided into two parts, the one 
depending on ?¢, the other not; we indicate those parts by the indices 
1 and 2. For the first part we have 


Sa oY; ee 
02? o 
B RJ, 
therefore 
otha LE 
O22 Ro’ 


from which y, can be determined if we take into account that y, 
vanishes for «=O and «—/. The determining of the second part 
leads to the problem treated in § 3. The solution can be used in 
order to fulfill given initial conditions. If an initial value of / is 
given, then y must fulfill at ¢=0 a condition following from (3). 
6. Further, we can consider the case 4 = K cos pt. 
Putting Z = 0, we can try the solution 
y = p cos (pt + B) 
J = 1 cos (pt + 8) 
where p is a function of z. The first equation gives 
EN ae 
—pp—a ae a 


This eqnation can be solved by 
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y= Acos x + Bsin® a+ 


or according to the above 


( 4) 
1— ¢os — 
HI Pa a 
es ars o u pl 


sin — 
a 


sn tile AU 
a : 


Introducing this result into the second equation, we obtain 


2 


E cos pt =: RI cos (pt + B) + sin (pt +9) 
Op 
1 2 
] (at) 
Lin 
a p ‚pl 
sin — 
a 
Now take 
l 2 
1— cos — 
U2 he | a . pl ( 4 ; : 
Se SS — 
opk p = a ‚pl T hie 
sin — 
r 


then we find 


2 
(oac 
A ap a a fe 
Ecos pt=1 R? + (=S sin— | — — ~——__~_ + ) cos (pt+B-a) 
uF ‘4 


From this we find for the retardation of phase, =a; and for 
the amplitude of / 
E 
I= 
5 
where r represents the square root in the second member. The 
current / being found in this way, y can be determined from (17). 
When Z does not vanish, we can suppose y and / to depend on 
eit; and finally taking the real part, and following the above method 
we find the values of y and J. 
If we express y by (2), the solution can also easily be found. We 
then have | 
4HJ 
Ps == sans” —p?) . 
Substituting this into the second equation of § 3 (where zero has 
been replaced by Ecos pt) we find 
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x 1 
E cos pt = RI cos (pt + B) — ver (pt + B) XZ zj n=) 
from which J can be found. The sum in the second member ean 
be put in a way analogous to that of § 3, into a form identical 
with (18). Our result does not agree with that of CREHORE (compare 
p. 214). In our solution the retardation of phase is the same for all 
vibrations, which is not the case in CREHORE’s paper. 

It may be observed that in our problem we have to do with a 
system of an infinite number of variables in which a dissipation- 
function couples the variables; for eliminating / from (12) and (13), 
we obtain 


SESS Sp 


Ds - Ns’ P= — = 
sok s 


The dissipation # takes the form 


SH* (PN 
Omen 
moh s 


Groningen, Sept. 1914. 


Physics. — “Accidental deviations of density and opalescence at 
the critical point of a single substance.” By Dr. L. S. ORNSTEIN 
and F. ZeRNIKE. (Communicated by Prof. H. A. Lorentz.) 


(Communicated in the mecting of September 26, 1914). 


1. The accidental deviations for a single substance as well as 
for mixtures have been treated by SmoLucnowski ') and EINSTEIN *) 
with the aid of Borrzmann’s principle; by Ornstein *) with the aid 
of statistical mechanics. It appears as if the considerations used and 
the results obtained remain valid in the critical point. SMOLUCHOWSKI 
has applied the formula found for the probability of a deviation 
to the eritical point itself, and has found for the average deviation 
of density 
Lis 


My 
He has used this formula to express in terms of the mean density 


Te 


') M. Smorvenowskr, Theorie Cinétique de l’opalescence. Bull. Grac 1907 p. 1057. 
Ann. der Phys. Bd. 25, 1908, p. 205. Phil. Mag. 1912. On opalescence of gases in 
the critical state. W. H. Kreesom, Ann. der Phys. 1911 p. 591, 

2) A. Einstein. Ann. der Phys. Bd. 33, 1910, p. 1276, 

3) OrnsteIN, These Proc., 15, p. 54 (1912), 
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the accidental deviations in a cube, the side of which is equal to 
the wave-length of the light used in the experiments on opalescence. 

Now there is a difficulty with this formula, to which, indeed, 
lead also the considerations of EiNsreiN as well as statistical mecha- 
nics when worked out in an analogous way for the critical point. 
In all these cases the mutual independence of the elements of 
volume is presupposed. Now, let there be given for the element of 


volume v the mean square of deviation viz. (n—n)*. Consider p 
equal contiguous elements of volume »,,v,,etc., in which »,,n,, ete. 


particles are situated, Ny, 1, ete. indicating the mean values of these 
numbers. 

Hence in the volume V=v, dv, +. there are V=n,+n, +... 
particles. 

For the mean value of N we have 

N=n,+n,+... 
subsequently 
(N — Ny = {(n, —n,) + (a, — 2.) +-. f = p(n —n)? 
since, the elements of volume being supposed independent of each 
other, the means of the double products vanish. So we find for the 
deviation of density that the product of volume and mean square 
of deviation must be a constant. 

Indeed the above-mentioned formula of probability for the devia- 
tions of density is so far inexact, as the terms of higher order 
appearing in it are at variance with the mutual independence of 
the elements of volume, which underlies the deduction of the fre- 
quency-law. In fact this deduction is only valid for such large elements 
of volume that these terms are no more of any influence. It is 
easily seen that this limit, above which the formula is valid, in- 
creases indefinitely in approaching the critical point. This explains 
also mathematically the wrong dependence on v found for the mean 
deviation in the critical point itself. 

Now one could try to deduce the formula to a farther approxi- 
mation. However, also the supposition of independence of the ele- 
ments of volume is inexact in case these are small, and it would 
thus be impossible to ascertain how far the formula would yet differ 
from reality. *) 


1) A deduction of the inequalities in which the inexact terms of higher order 
do not at all appear, is given by ZERNIKE in his ‘thesis, which will shortly 
appear. As this deduction too uses the independence alluded to, the objection men- 
tioned holds here also. 

The remark of Einstein (lc. p. 1285) that there would be no principal difficulty 
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2. Now, in order to avoid the difficulties mentioned, it is necessary 
to take into account the influence of deviatious in the one element 
on the state in another. Let us divide the system into infinitely 
small elements of volume. A molecule is considered to lie in the 
element when its centre is situated in it. We consider an element 
dv, in the origin of coordinates. Around this element we imagine 
the sphere of attraction i.e. the region in which a molecule must 
lie when it is to have any influence on the state in dv,. We determine 
the numbers of moiecules for the elements of the sphere of attract- 
ion in giving the deviations v,,r, etc. from the mean number of 
molecules per unit of volume. f 

We suppose the mean value of the density »,, when vp, etc. are 
given, to be a linear function of the deviations », etc, i.e. we put?) 

TE 

Taking the mean value of », over all possible values of »,, it 

appears immediately that C == 0, hence 


Ha APE hr hal ee oee ale en ot QD) 
The coefficients f denote the coupling of the elements, they only 
depend on the relative coordinates, i.e. here, on «yz. That the in- 
fluence of an element, when the density is given, must be propor- 
tional to its size is immediately seen by considering the influence 
of uniting two elements in (2). 
We shall now write the sum (2) as an integral. For the density 
in the element dv dy dz we put P,y2; further, we can dispose of f 
in such a way that /(0,0,0)=0. Then for (2) we get 


+ 
P, = (ff vreten) NE ) 


The integration may be extended here from —o to +o, f 
being zero outside the sphere of action’). 


in extending his deduction to a further approximation, is therefore mistaken. On 
the contrary, the consideration of higher terms so long as the independence is 
made use of, will not lead to anything. 

1) Putting things more generally, we could write a series in ®, ete. instead of 
(1). However, for the purpose we have in view, (1) is sufficient. 

®) The quantity » can only take the values 1—adv and — adv, hence v is a 
discontinuous function of the coordinates. One might be inclined therefore, to continue 
writing a sum instead of the integral (3) and to solve the problem dealt with in 
the text with the aid of this sum. In doing so one gets sum-formulae which are 
wholly analogous to the integrals we used. However, we prefer introducing the 
integral, as the discontinuous function v has entirely disappeared from formula (6) 
only the function g appearing in it, which is continuous when the function f is 
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On the contrary, if vp, is given, » has another value for the 
surrounding elements, than if », =O. Be in the element at xyz 
Va == OE, Wat: Dale Ns. NE le (4) 
and let us try to determine the function g, the function / being 
given. 
Now take the mean of formula (3), a fixed value v, being ascribed 
to vp in a certain element dx, dy, dz 
In «,y, 2, according to (4) 
Peyz = YA ¥—Y,, 2—2Z,, D, da, dy,dz,).  - - ~. fa) 
For the first member we therefore get 
Wy Yos Zo Vda, dy,dz,) 
as f and g do not depend on the direction of the line joining the 
elements. In the integral, (5) cannot be applied to the element 
dx, dy, dz,; however, this element gives 


VP, J (Yord du de, 
Further taking g(0,0,0) zero, as it may arbitrarily be chosen, 
we get 


ge U 112510, de, dy, de) =| {fo (w-@,,y-Y ,.2-2,,9, da , dy ,dz,) f (wyz) dadydz + 


af vj (1541571) de, dy ,dz,. 
This is true for all values of vp, dx, dy, dz,, hence g must contain 
this quantity as a factor, and we obtain 


+a 
He 41921) (fate YU zz) f (eye) dadydz = f(a,,y,-2,) 


Now put 2z—a,=—& y—y,=1%, z—z,=5, and omit the index, 
then for g we get the integral equation 


+ a 
Hey ,2) — { i he F(e@ +8 y+n, 2-5) (Ens) d§dyds = f(aye). . (6) 


For g we have 
Prijs = g(ay2) Dj do, ace) PS 
from which it appears immediately that 
Vryz Pye G(xYyzZ) V,? do, oo eh EP Re ea GEN 


continuous. The integral-formulae obtained in this way are easier to deal with 
mathematically, and besides the integral equation (6) has been solved, this being 
not so easily found from the analogous sum-formula. 


= 


rey, 


Now let us consider more closely the coefficient of g in (8). 

Let « molecules be present in the unit of volume, then the mean 
number of molecules in dv is equal to adv. If we take dv very small, 
there may be no or one molecule in it. The chance for one molecule 


is, therefore, adv; for none 1 — adv. In the first case » = pee a, 
v 
in the latter it is —a, thus 
7 a 
p= — a? 
dv 
or 
de a u ED 


Introducing this into (8), we find for the two elements w,y,z, and 
Uelfsoe 


Voy =S aga, — rs Ve Yrs 2¢—2r) . . . . . (10) 


This result can be used to indicate the values of (W—N)? — A N? 


for any volume. 
AN = fra: 


We have 
DES af if v,? dv, dv, + fo. de, dye dz, dx, dy, dee 
VV VV 


from which applying (9) and (10) 


AN’? =aV-+a fy (zeer Ye — Yrs Zl) dx, dy, dee der dye der. 
VV 
This holds for every size and form of V. Elaborating it for a 
cube with side / the dependence on V is seen more clearly. Putting 
Le — &, = Ye — Yr =, 2 — 2- —$, and integrating only. for Sns 
positive, by which '/, of the integral in question is found then, we get 


Mat hs at) | (5 
AN? = Na sof (fen ff [a dy, dz, 
000 Ent 
ue 
HN 4 8a ff (Oe Hn) + Gib nb +88) — Erb) 9 dE a 
000 je 


Hence 
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+1 El 
AN? 6 “(la 
Fe =|: +f {fo (ayz) dedydz — off Lel g dadydz 
N l 
ze} —l 
Aaj 4-3 
+3 {I = g da dy dz — 7 gde dydz. 
ay ey 


Every integral in this formula is always smaller than the prece- 
ding one. If / is large with respect to the distance for which g has 
an appreciable value, there remains only the first integral. For 
any great volume we have 


+a 
AN? 
— a14f[f ode dy a: te eres 
N 


3. In trying to determine the function / by means of statistical 
mechanics, we meet with difficulties. Still something may be found 


about the quantities »»- by applying the statistic-mechanical method 
to our problem. Indeed statistical mechanics permit to introduce a 
mutual action of the elements of volume. 

We will avail ourselves of a canonical ensemble. We suppose the 
molecules to be spherical and rigid, and to attract each other for 
distances which are great with respect to their size. Elements small 
with respect to the sphere of attraction therefore may still contain a 
great number of molecules. But now we drop the supposition of the 
sphere of attraction being homogeneously filled for all systems (or 
at least for by far the greater part of them) *). 

In ealeulating the number of the various distributions, we 
must, for the potential energy of attraction, take into account the 
mutual action of the elements; whereas, in calculating the exclusion 
of definite configurations of centres, we may neglect the fact that 
there is some correlation on the borders of the elements. For the 
dimensions of the elements have been supposed large with respect 
to the molecular diameter. 

The mutual potential energy of the »-+ tr molecules contained in 
an element dv, will be represented by 

,@+t)? 

ae aS 

in this formula » represents the number of molecules contained in 

the volume dv for the most frequent system. In this system the 
distribution is homogeneous. 


Poo 


*) Cf ORNsTeIN, Toepassing der Statistische mechanica van GiBBs op molekulair- 
theoretische vraagstukken. Diss. Leiden 1908, p. 43 and p. 110. 
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Of course, the potential energies will not strictly be the same for 
different configurations within the elements, but we shall neglect this 
complication. Further we will represent the mutual potential energy 
for the two elements o and o by 

— (v + te) (v + To) pz 


dv 


all elements of volume being put equal. 
For the total potential energy we find, in this way 


aig (VY Ht) So (v + Tp) ge 


2dv 
For the frequency & of a system with the given distribution of. 
molecules we find 


! me Slot), oen 
SC 5 —(, d Vv) EEn . (wd Ein 2de 
(we rt, 


Here w is the function defined in the quoted dissertation on p. 48. 


Supposing r < v and developing, we get, 


il LIES l 1d _dlogw Px Z 
— na i 4 
20 Pee 1) af p da ? da r Odv Eik 


S=C wr a-“e 


Ee 


The number of molecules per unit of volume represented there 
by n, has been put a in this paper. The function @ and the faculties 
are developed in the same way as in the quoted dissertation. The 
double sum in the exponent gives the forms >.»>'1,p,,and 2T,2rg. 
These forms are identical, as they consist of the same terms differ- 
ently arranged, further 2,, is the same for all molecules and 
Xr, = 0, consequently both sums vanish. 


The constant C contains the factor Ne’/® along with quantities which 
do not depend on the volume by summing up (12) over all possible 
values of 7 (and taking into account that +r; = 0) we get N, the 
total number of systems in the ensemble. So we find 
2 


w n 


— — ! 


C 
Oa ga 


=o. 


Vn 2200 3 


the quantity A being the discriminant of the quadratic form in the 
exponent. 
When we write Zep =a, we find for the pressure p= 
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2 


pn dlog® an 
med N nn = 
oO I dy 20 V? 
Al: being very small with respect to the other factors, we may 
neglect its influence in y'). The equation of state has the same 
form as vaN DER Waars’ equation. However, the correlation is sensible 
in the accidental deviation; for it changes the value of t°; and 
vr, which vanish if the correlation is neglected, obtain values 
deviating from zero. 
Denoting by A and by A, the minors of the discriminant, 


we have 


So 
ed ) 


where J is the number of elements into which the volume is divided. 
2 Ee ld: AEG 

Ihe condition A =O is equivalent to the condition 7 = 0. For 
av 

if we write down the determinant in some arrangement, and if we 

add all rows to the first row, we get a determinant of which all 


terms of the first row have the form 
l ib a ; dlgw 1 
a a 3 
da Od 


: ( = Pap. 
Yp r da r 

Strictly speaking, this is not true for some terms at the end of the row, 
but as we have neglected the action on the borders, we may neglect 
this fact too. In reality our considerations are only true for an infini- 
tely great volume, where this difficulty disappears, as 4 is then an 


infinite determinant. 


Now if 
ae dfo 1 pn 
Y Y da Odv i 
then A=. 
Or if A=0O 


1 _dfw 1 
a? J De a=0 


d a da 0) 


which therefore agrees with Sen 
u 

1) Cf l.c. p. 129. 

2) Cf. ORNSTEIN, Accidental deviations in mixtures. ‘These Proceedings 15, 

p. 54, (1912). | 
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The quantities zt. ete. here found are related to those mentioned 
above. And though a statistical deduction of the function / enter- 
ing into details may lead to difficulties, yet it is clear that 
statistical mechanics yield a correlation analogous to that expressed 
in g. 

If we should wish to continue the deduction of the conditions of 
the critical point, we should have to use higher powers of t,, which 
can be done without difficulty; we then find for the second condition 


If we drop the supposition that the sphere of attraction is large, 
we can use the function &, defined in the quoted dissertation. In 
order to take into account the correlation, we must suppose the 
integrals 


~— & / 
fe 10 dv, den Er aaa (n,) 


defining &, to depend on nz for the element in question and also 

D ? | k | 

on the numbers of molecules in the surrounding elements. Therefore, 

in general, the numbers of molecules of all elements will appear in 
09, 


On; 


9n, , but the influence of distant elements is so small that 


can be put zero. 

By considerations analogous to those used in the quoted disserta- 
tion, we can show that %(n,) has the form 

ny Ny 
V, (wos, ny, Dy) 

in which n,n, denote the densities (molecular), in the elements 
with which V, is in mutual action. The values of all n, are equal 
for the most frequent system. 

Now we find for ¢ 

Be Ran nd et 


where P is a quadratie form in the deviations for the various 
elements, containing squares as well as double products. The form 
might be easily indicated, but we will omit it, as it is only our 
purpose to show how in general the statistic-mechanical considera- 
tions, changed in the sense of a correlation of elements of volume, 
lead to formulae analogous to those given in $ 2. Here too the 
mean square of deviation and the means of double products are 
represented by quotients of minors of the discriminant of P and 


—Q(Q the discriminant vanishes. 
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dp 
this quantity itself. Here too for 
Uv 
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4. The above considerations can be applied in calculating the 
critical opalescence. For that purpose we use the simple method 
indicated by Lorentz'), which consists in superposing the light: 
vectors caused by the influence of every individual molecule in a 
point at great distance. 

Consider in the substance through which a beam of light passes, 
a volume J” great with respect to the wave-length, and take a distant 
point P, the direction VP forming an angle g with the incident 
TAY. 

All molecules lying in one plane perpendicular to the line which 
bisects the angle gy, will cause equal phase in P. Take therefore a 
system of axes with the Zaxis parallel to this line, then the con- 
tribution of one molecule will be 


AR ; 
B sin — (ct + 22 cos} pp) 
ud 


where 8 depends only on the kind of molecules, on 4 and on the 
distance VP, u being the index of refraction. 
The number of molecules in dv dy dz amounts to 
(a + v) du dy dz. 
The total light-vector in P thus becomes 


5 2 
p fod p) sin AA (ct +22 cos Eep) da dy dz. 
ua 


b 
and the intensity 
ple 
2 
Eel (at »,) (a 4-r-) sin = (‘t+-22, cos } p) 
u (a 


‚ar 
sin — (ct +22. cos 4 yo) 
wa 


da, dy, dz; du- dy; dze. 


Integrating with resp. to ¢, we get 


1s = An j 
oh B? fa? Ha (pz-p-) -|- verd cos a 2,--¢:) cos by | da, dy,dz,da,dyzdz.. 


VV 
The mean value of this must be calculated. The term with », + ve 
vanishes, and that with a? yields no contribution proportional to V. 


We introduce the value of ».»- from formula (10), and for c=t 
from form. (9). This gives 


IH. fe LORENTZ, On the scattering of light by molecules. These Proceedings 13 
p. 92 (1910). 
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An 
ud 


a BaV + = za f fa (Wo Urn Ya Yer Zr —Zz) CO8 — (2e) dt; dyn 
VV 
For a great volume one integration over V can be performed 
(compare the deduction of formula (11)); further we put aV=N 


_ Ax 
and for the sake of brevity re =C, then we get 
ur 


+a 
i ae a) 
Ee B? ik ff foo Cz 9 (x, y, 2) docdya | pied Ps) REESE 


The integral appearing here will be represented by G, that of 
formula (LI) by G. It will be seen that the deductions criticised in 
§ 1 yield an opaleseence proportional to r?,a quantity which accord- 
ing to the above is proportional to i + G, whereas the opalescence 
is proportional to 1 + G. 

With the aid of the integral-equation (6) we can express G and 
G, in the corresponding integrals of the function f, which we will 
indicate by F and F.. 

Integrating (6) with resp. to «yz from —o to +, we find 


ae = — ie.) aes 
[fo (wyz) de dy dz {ff (S75) ds dy aff Je + Su + 12 + 5) dudydez — 
+o 
bai f (wyz) dndydz 


F 
oy ae a Vr ae ee ee 14 
Den (14) 


Multiplying (6) by cos Cz and -again integrating, we get 


+ Ge 
G, — | {fae asanazf | feo C (z+$) cos CO4- sin C (z HE) sin CS} 


—- 0 

f(et-S, yn, ¢+$) dudydz = F,. 

The integral with the sines disappears because f and g are even 
functions; we find 


or 


Fe 

In order to apply the results obtained and to test them experi- 
mentally, one might try to deduce f from molecular theory. This 
would at best be possible under very simplifying suppositions and 


er ch zalk By 


Te 
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even then only an approximation can be obtained. Therefore we 
will take another way. As remarked in § 1, the exact value of rv? 
for very great volumes was already known. In our notation we have 


fhe eT. a 
TER AT 
Vv emd 

dv 


where MN is the number of AvoGrapo, v the molecular volume. 
According to formula (4) we have 


re V=a(lt+@)=; 


ay, 
Putting these results equal, we get 
v dp 
1—_Fo=———. 
RT dv 


In the critical point #— 1. *) 
The formula of opalescence first arrived at by Knesom and EINSTEIN 


1) There appears to exist a closer correspondence between the given statistic- 
mechanical method and the method using general considerations of probability, than 
perhaps might be expected. The elements of the discriminant (which is an infinite 
determinant in the former) agree with the function f in the latter. The former finds 
from this the value of ve ve as the quotient of a minor with that discriminant, 
the latter deduces this value from an integral-equation. In the critical point the 
discriminant vanishes, corresponding to this the FrepHotm determinant of the 
integral-equation is likewise zero. That this is the case when #’=1, appears by 
more closely studying the equation 


9g (515) — i fo (SS) f (+8, y+, +) dgdnd5 = 0 


tt Sys EN 
which only permits appropriate solutions if à = ak (ie. this is the only proper 


value). For F =1 this is therefore the case with the equation (6) without second 


member. 
From the formula (15) it will be seen that form. (6) can be solved by a FouRIER 


integral, Putting 
+a 
[ iL | cos mx cos ny cos lz f (ayz) dadydz = p (m, n, U) 


g(m, n, l) 
ii cos ma cos ny cos lz dmdndl. 
8? l—p(mn, n, 1) 


we have 


g (zyz) = 
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5 | 
„wl 
Top. 22°V RI dv ep 16 
— = = in? Se oe Sn 

Fis DEN ip a ee) 


in which represent 

D distance of observation 

u index of refraction, 

w angle of electric force in incident light with direction of 

observation, 

will likewise be found by using in (13) the value found for /’ instead 
of f.. The exact formula then will result by multiplying by 
Nn 
ed 
Developing the cosine in #, we find 


, 136; 
1 7 ce 2 £ 5 
F—F.= [fez (wuz) dudydz. 


Representing this integral by « and introducing the value of C, 
we get 


the factor 


o 
. 


P— F,=4n*(1 + cos) (5) 
ur 


The formula of opalescence then will be: 


ES : 5553) eR 


is eee du : aa) 
Vv = sin” 
Fop. hee V Gs dv Sy Aaa 


Paese Net (Vicon) 


(18) ") 


The greater exactness of form. (17) as compared with (16) is 
confirmed by the measurements of one of us (Z.). According to these 
measurements, which however bear upon a mixture of liquids the 


1) According to this formula the proportionality of the opalescence to 4—4, 
which holds for higher temperatures, changes continuously in the immediate 
neighbourhood of the critical point, into proportionality with 4-2, This real “getting 
whiter’ of the opalescence should not be confused with the apparent changing of 
colour which is always observed much farther from the critical point. The latter 
indeed is only a result of the method of observation, as is clearly proved by the 
measurements of one of us (cf, ZERNIKE thesis). 
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reciprocal value of a quantity proportional to the opalescence changes 
linearly witb the difference of temperature TT, but by extrapolation 
does ‘not vanish for 7 = 4 but More? Tj =O 01255 Wien 
therefore for this value of 7—7Z}, the denominator of (17) is equal 
to zero, we can find from this, using VAN DER WAALS’ equation, an 
estimation for ¢/,. The calculation yields: 

= 0,0022 or ¢ = 1,2.10-7 om. 


The quantity « is a measure for the size of the sphere of attraction. For 


ad 
i= Affe f (eye) dadydz 


(9 distance to origin) whereas in the critical point A 


+o 
[freer ae ay de |, 


If f were constant within a sphere with radius A, then &’ would 
be */, R®, and the above estimation would give 
PD WO em 


SU MEM sA B S¥e 

1. The known formulae of critical opalescence give an infinite 
value at the critical point. Efforts to escape from this difficulty have 
furnished formulae for the deviations of density with a dependence 
upon the volume, at variance with the assumed mutual independence 
of the elements of volume. : 

2. In order to obtain formulae applicable in the critical point, it 
is found necessary to take into account the mutual influence of the 
elements of volume, it being shown that near the critical point this 
influence is sensible for distances large in comparison with the radius 
of the sphere of attraction. 

3. Two functions are introduced, one relating to the direct inter- 
action of molecules, the other to the mutual influence of two elements 
of volume. An integral equation gives the relation between the two 
functions. 

4. Corrected values are found for the mean deviations, and in 
the formula of opalescence a correction is introduced. The latter 
depends upon the sphere of attraction which can thus be calculated 
from observations. 

>. Further it is shown that the same results may be arrived at 
by taking into account the mutual influence of the elements of 
volume in the deductions of statistical mechanics, 


Groningen, Sept. 1914. 


A. A HIJMANS VAN DEN BERGH and J. J. DE LA FONTAINE SCHLUITER. „The identification of 
traces of bilirubin in albuminous fluids.” 


Bilirubin from human bloodserum (Chloroform-method). 


Bilirubin from human ascites fluid Bilirubin from human ascites fluid 
(Aether-method). (Chloroform-method) 
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Physiology. -- “The identification of traces of bilirubin in albu- 
minous fluids.’ By Prof. A. A. HiJMANs VAN DEN BERGH 
and J. J. pe LA Fontaine Scanvrrer. (Communicated by 
Prof. H. J. HAMBURGER). 


Several investigators have tried to demonstrate the presence of 
slight quantities of bilirubin in albuminous substances, for instance 
in normal human bloodserum. Most of them did this by adding 
varions oxidizing substances, either directly to the serum or to an 
alcoholic extract of the latter. The first oxidation-stages of bilirubin 
having a green or a blue colour, the presence of bilirubin was 
regarded as established if an addition of these oxidizing substances 
gave rise to a green or a blue colour (OBERMAIJER and Popprr, STEIGER, 
GarBerT*) and others). AvcuÉé®) employed a much more reliable 
method based on the fact that bilirubin, in alkalic solution in the 
presence of oxide of zinc, is changed, by careful oxidation with 
iodine, into a substance with a characteristic spectrum. This reaction 
had already been described by Sroxvis, but Avcné, who mentions 
Srokvis’ work, owns the merit of having stated accurately the con- 
ditions required if the reaction is to take place with absolute cer- 
tainty, so that it may be used to demonstrate the presence of bilirubin. 

Undoubtedly the reaction of Stoxvis-AucHE can be used with success. 
Only the spectrum-line is very slight in the case of the small amounts 
of bilirubin dealt with in this treatise: if the presence of bilirubin 
is to be demonstrated in normal human serum by means of this 
method, the layer of fluid intended for spectroscopic investigation is 
to have a thickness of ten centimetres. And even then the result is 
not always a positive one. For quantitative determinations this method 
cannot be used. 

Birrt extracted the serum at once with chloroform and carried 
out his reactions with this *). 

The reaction of ErnrricH has supplied us with an excellent means 
of tracing bilirubin in bloodserum and other albuminous fluids and 
of determining it quantitatively *). The characteristic difference in 
colour between an alkaline and an acid medium increases its relia- 
bility, whilst the reaction is an extremely sensitive one. It must, 


1) OperMAER u. Popper. Wiener Klin. Wochenschr. 1908. 

Sreicer. Dissert. Zürich 1911. 

Gumpert. See for his werks the bibliography in: Clinique médicale 1910/1911. 
2) Avené. Compt. rend. Acad. d. Sciences 1908. 

8) Birri. Folia Haematolog. 1906 III. 189. 

4) HijMANS van DEN Beren and Snapper. Deutsch. Arch. f. klin, Med. 1913, 
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however, be admitted that neither this nor any other colour-reaction 
enables us to identify the presence of bilirubin with absolute certainty. 
The possibility of other substances contained in the serum giving 
the same reaction with the diazo-body may be esteemed less probable, 
it cannot with absolute certainty be denied. 

As far as we know it has hitherto been found impossible to 
isolate bilirubin from normal human serum, which would have 
afforded an incontestable proof of its presence. HAMMERSTEN has 
attempted it?). But though in a great majority of cases he obtained 
fine bilirubin-crystals from horse-serum, he never succeeded in ob- 
taining them from normal human serum. From the terms used in 
the latest edition of his Handbook of Physiological Chemistry we 
eather that this investigator is not quite convinced yet of the presence 
of biluribin in normal human serum. 

With a view to researches on anhepatic bilirubin-formation we 
needed a method which would enable us to identify with absolute 
certainty the presence of small quantities of bilirubin in bloodserum, 
exsudates and transsudates, if possible by obtaining the pigment in 
the form of erystals. After some experiments we have succeeded in 


this, starting from the property of bilirubin — which we have not 
found mentioned anywhere — of dissolving readily in acetone. 


To 10 em’. of bloodserum 20 em*. of pure colourless acetone are 
added. An albumen precipitate is formed, which is centrifugalized. 
The fluid at the top, coloured more or less intensely yellow, contains 
all the bilirubin and only traces of albumen. This liquid is evaporated 
in vacuo at the ordinary laboratory temperature. 

If one has a good vacuum-pump at one’s disposal the liquid soon 
begins to boil; after some minutes the acetone is evaporated. A watery 
fluid remains in which, besides other serum-substances, all the bili- 
rubin is dissolved. Then the fluid is shaken 2 times or more with 
aether to remove the fatty bodies as much as possible. 

These pass into the aether which is pipetted. The last traces of 
aether are removed in vacuo. The aether may of course also be 
removed by means of a separatory. Then a certain amount of chloro- 
form e.g. 2 em*. are added, the fluid is slightly acidified with HCl 
and shaken. The bilirubin then passes into the chloroform. By centri- 
fugalization the watery fluid can easily be separated from the chloro- 
form. The chloroform is washed thoroughly with water to get rid of 
all the hydrochlorie acid and centrifugalized once more, the water being 
removed by means of a separatory or by pipetting. Traces of water, 
however, remain mixed with the chloroform, which sometimes renders 

1) HAMMARSTEN. Maly’s Jahresber. 1878 II. 119. 
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the fluid slightly troubled. These traces of water are removed by 
shaking with glowed sulphate of sodium. The latter is removed by 
filtration. The result is a very pure solution of the yellow pigment 
in chloroform (solution 4). It may be easily proved that this yellow 
pigment is bilirubin. 

1. If the chloroform solution is shaken with diluted KOH or NaOH 
the pigment passes into the latter, while the chloroform loses its 
colour (solution 5). 

2. If now some acid is added till the fluid reacts distinctly as an 
acid, then the fluid at tbe top loses its colour, the pigment passing 
into the chloroform at the bottom. 

3. If to the alkaline solution (see sub 1) HNO, containing some 
HNO, is added, the result is the well-known colour-play of the reaction 
of GMELIN. 

4. If a slight quantity of a diluted iodine-solution in alcohol 
(1: 100) is carefully poured on to the alkaline solution, a blue ring 
is formed. 

5. If to the alkaline solution first an equal volume of alcohol is 
added, and then + of the original volume of the diazo-mixture ot 
EnrricH, a red colour is the result. An addition of a few drops of 
concentrated HCl changes the red colour into blue. 

All these reactions together, prove conclusively that the pigment 
obtained in the above way is indeed bilirubin. 

Crystals of bilirubin can be easily obtained from the pure chloro- 
form-solution (sol. A) in the following manner. The latter is poured 
out into a watch-glass which is covered with another watch-glass 
and placed in the ice-safe. The chloroform evaporates slowly and 
on the watch-glass the microscopically visible, pretty, yellow bilirubin- 
crystals are left. When HNO, containing HNO, is added, these 
crystals present under the microscope the reaction of GMELIN. 

We can also dissolve the yellow crystals again in some solvent 
(chloroform, dil. NaOH ete.) and carry out the above-mentioned 
reaction with them. 

If one has no good vacuum-pump at one’s disposal the method 
ean also be applied with the following modification suggested by 
Dr. SNAPPER. 

10 em* of bloodserum are precipitated with 20 cm’ of acetone. 
The albumen-precipitate is centrifugalized. To the pipetted upper- 
fluid some drops of water are added; then this fluid is washed 
carefully with aether a few times, to remove the fatty substances 
as much as possible. These volumes of aether are removed with 
the pipette every time. Then some drops of ice-vinegar and 1 cm’ 
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of aether are added to the fluid. All the bilirubin passes into the 
mixture of ice-vinegar and aether, which separates entirely from 
the fluid underneath. If this yellow-coloured aether is pipetted and 
placed in an ice-safe in a loosely covered watch-glass, we likewise 
observe that crystals are formed. 

The accompanying picture is a micro-photograph of bilirubin 
crystals which we obtained from the ascites-fluid of a heart-patient, 
and from normal human serum. 

Attempts to produce bilirubin-erystals by the above-mentioned 
method from the intensely yellow-coloured serum of two icterus- 
patients, led to a remarkable experience. If namely we placed the 
chloroform-solution which, as appeared from various reactions, con- 
tained much bilirubin, in the ice-safe, for the purpose of a slow 
evaporation, the yellow colour at a certain moment when, owing to 
the evaporation of the solvent the concentration had reached a certain 
value, suddenly passed over into a green one, evidently by a change 
of the bilirubin into biliverdin. The same phenomenon oceurred 
when we evaporated the chloroform-solution in vacuo. It must be 
distinctly understood that this occurred only with the solution obtained 
from the serum of patients suffering from obstructive jaundice. We 
cannot give an explanation of this phenomenon. Most likely the 
ieterus-serum contains substances promoting the oxidation of bilirubin 
into biliverdin. 


Botany. — “Gummosis in the fruit of the Almond and the Peachal- 
mond as a process of normal life.” By Prof. M. W. BrierINck. 


(Communicated in the meeting of September 26, 1914). 


lt has hitherto been generally accepted that the formation of gum 
in the branches of the Amygdalaceae always is a process of patho- 
logical nature. I have found that this opinion is erroneous, and that 
gummosis occurs normally in the fruits of the Almond (Amygdalus 
communis) and the Peachalmond (Amygdalus amygdalo-persica) 
DunHamrL DuMONCRAU. ') 


1) In some Dutch nurseries the peachalmond is simply called “Almondtree”. 
The difference is in fact very slight as it consists only in the drying up of the 
almond fruit before the epicarp opens, and the position of the flowers in pairs, 
whereas the fruit of the peachalmond remains fleshy even at the dehiscence, and 
its flowers are mostly single. Between leaves, flowers and branches no con- 
stant differences are found. 

GRENIER et Gopron (Flore de France T, 1, Pag. 512, 1848) call the peach- 
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Contrary to what might be expeeted the phenomenon is the more 
obvious as the trees are better fed and more vigorous. In specimens 
on sandy grounds it can only be observed with the microscope. 

As gummosis is the effect of a wound ‘stimulus, if is of import- 
ance that this process also takes place in the normal development 
of the healthy plant. The subject is moreover of practical interest. 
All the chief facts relating to gum formation can almost unchanged 
be applied to the production of gums in general, of gum resins, 
and of resins, among which are substances of great medical and 
technical value. As the study of the influence of parasitism has made 
it possible to produce gum, and no doubt many of the other sub- 
stances mentioned, in a more rational way than has been done till 
now, a short review of the whole subject seems not superfluous. 


Wound stimulus as cause of gummosis. Poisoning, and 
parasitism also causes of this stimulus. 


Gummosis in the Amygdalaceae is a process of cytolysis, whereby 
young cells, freshly sprung from cambium or procambium, and 
sometimes also young parenchyma, are more or less completely 
dissolved and converted into canals or intercellular spaces, filled 
with gum. In dissolved parenchymatous tissues usually remains of 
not wholly disappeared cell walls are found; the gum of the phloem 
bundles is more homogeneous, but always the microsomes of the 
dissolved protoplasm are found. The nitrogen of the gum springs 
from the dissolved protoplasm. 

Formerly we proved *) that by such different causes as poisoning, 
parasitism and mechanical wounding gummosis may be experimentally 


almond Amygdalus communis var. amygdalo-persica. At present the name 
Amygdalus persicoides (Koor, SERINGE, ZABEL) is also used, as in the Hortus 
of the University of Leiden. The opinion that it is a hybrid is not sufficiently 
founded. When grown from seed the tree seems constant (see MrlEr’s Conver- 
sationslexikon, Articles “Mandel” Bd. 11, p. 853 and “Pfirsich” Bd. 13, p. 782, 1896) 
and identie with the “English almond”, of which DARWIN reproduces a stone 
(Domestication, 2nd Ed, Vol. 1, p. 858, 1875). The fruit is fleshy and bursts 
open, the kernel is edible, not bitter. At Delft sowing experiments have been 
going on a long time already, but under unfavourable circumstances. The root 
cannot resist the winter temperature of the soil, hence, grafting on the plumtree 
is required. 

1) M. W. Beuerinck et A. Rant. Excitation par traumatisme et parasitisme, et 
écoulement gommeux chez les Amygdalées. Archives Néerlandaises, Sér. 2, T. II, 
Pag. 184, 1905. — Gentralblatt f. Bakteriologie, 2te Abt., Bd. 15, Pag. 366, 
1905. — A. Rant: De Gummosis der Amygdalaceae. Dissertatie Amsterdam, 
Bussy, 1906. 
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provoked in many Amygdalaceae, as almond, peachalmond, apricot, 
peach, plum, cherry, and bird’s cherry. 

But these three groups of causes may all be considered from one 
single point of view, by accepting that gummosis is always the effect 
of a wound stimulus, proceeding from the slowly dying cells, which 
are found as well in every wound, as at poisoning and parasitism. 
These dying cells may change into gum themselves, but besides, exert 
their influence on cambium tissues to distances of some centimeters. 
This distance-influence is the principal effect of the wound stimulus. 
But poisoning by sublimate or oxalic acid, introduced under the bark, 
can as well excite gummosis as an incision or a wound by burning 
or pricking. Neither the dead cells nor the poison are the active 
factors here; the stimulus proceeds from the slowly extinguishing cells, 
so. that gummosts is essentially a necrobiotic process. Probably the 
dying cells, after the death of the protoplasm, give off an enzyme 
or enzyme-like substance, a lysine, fixed during active life, but, which 
being freed by necrobiosis and absorbed by the young division produets 
of the cambium causes their cytolysis. This reminds of the eytolysines 
of the animal body, originating when foreign cells are introduced, 
which liquefy the corresponding cells, for example the haemolysines 
which dissolve the red blood-cells. Furthermore of the bacteriolysines 
and of eytase, the enzyme of celiulose. 

If the hypothesis of the existence of a “gumlysine” is right, — and 
I think it is, — this substance must be of a very labile nature, for 
when bark wounds are infected with gum, quite free from germs 
of parasites, no more abundant gummosis is observed than at 
mechanical wounding only. But a difference, however slight, will 
certainly exist. 


Gummosis produced by wound stimulus. 


The influence of this cause is best studied in the following experiment. 

A deep wound, penetrating into the cambium of a branch of 
almond or peach, commonly soon heals completely, but it may be 
that gum flows from the wound. This is the case when the trees 
are in sap, thus in February or March at temperatures above 20° C. 
and below 33° C. The experiment succeeds best with cut branches 
in the laboratory. When the wounds are made in the open air in that 
season no gummosis ensues, the temperature then being too low.*) In 


') If the wounds are infected with Corynewm, an extremely copious gum production 
follows in spring, as the parasite then finds abundant food in the branches. There 
is, however, no season when wounds, infected with Corynewm, do not sooner or 
later yield gum. 


EN 
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summer the cambium of the still longitudinally growing part of. 
young green branches may be caused to form gum by punctures or 
incisions, but these wounds heal quickly, except when “kept open” 
by Coryneum or other parasites. 

As to thicker branches, wounded in spring, the micrescope shows 
the following. 

Around the wound a great number of gum canals are formed in 
the cambium, about parallel with the axis of the branch, some centi- 
meters long, which become the thinner and shorter as they are 
more remote from the wound. The canals are separated by the 
medullary rays, which are with more difficulty converted into gum than 
the phloeoterma. All the gum canals together form a kind of net- 
work, whose meshes are filled by the medullary rays. The whole 
network has the shape of an ellipse, the “gum ellipse’, the wound 
lies in the lower focus towards the base of the branch. The stimulus 
extends over the ellipse, evidently farthest in the direction of the 
branch, less far towards the base and sideways. So it may also be 
said that the wound stimulus extends farthest opposite to the ‘“de- 
scending” current of nutrient matter, following the phloem bundles, 
or along with the “ascending” water-current, following the wood. 
Evidently the gum canals are more easily formed in the better fed 
ceils above the wound than in those beneath it, where the nutrition 
must be worse. This is especially obvious in ringed branches. Wounds 
in the cambium, directly above the ring produce much more gum 
than those immediately below. ’) 

Under ordinary circumstances the branches, after simple mechanical 
wounding, are soon completely healed, and if the cambium at the 
outside of the gum canals then again begins to produce normal 
secondary wood, the gum canals may later be found back in the 
wood itself.*) Evidently the healing takes place as soon as the 
stimulus ceases, and so it is not strange that when it continues 
by poisons or parasitism the gum production also continues. 


1) The nature of the power, by which the food transmitting, ‘descending’ 
Sap current moves through the phloem bundles, is not known, It is thus not 
impossible, that if the cause of gummosis is of a material nature, a lysine, moving 
through the tissues, it is able to run in opposition to the “descending” current. 
I think, however, that the extension of the stimulus does not go along the phloem 
but along the xylem bundles and the young wood, with the “ascending” sap. 


*) I have never seen distinct gum canals in the secondary wood, but accord*ng 


to the descriptions they occur eventually. 
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Parasitism as cause of gummosis. 
The connection between wounding and parasitism. 


Wounds in peach branches treated with poisonous substances, 
such as sublimate, produce gum much longer and more copiously 
than the like wounds without sublimate. Other poisons have quite 
the same effect. Now it is clear that the direct influence of para- 
sitism on the organism must be sought in the action of some 
poisonous substance. Hence it seems certain that what these three 
causes have in common, namely necrobiose, or the slowly dying of 
the cells surrounding the dead ones, is the base of gummosis, and 
that parasitism, where necrobiose lasts as it were endlessly, must 
be the most powerful instigator of the process. 

That this simple view of the question has not yet taken root in 
science is proved by the most recent treatise on our subject by 
Mixoscu,') illustrated with beautiful anatomical figures. After the 
publication of Dr. A. Rant and myself of 1905, he described the 
relation of mechanical wounding to gummosis. But he did not think 
of poisoning experiments, nor has he any belief in the influence of 
parasitism on gum formation. Wiesner, in his recently published 
paper on gums in the new edition of his “Rohstoffe des Pflanzen 
reichs’”’, is also of the same opinion as Mikoscn. 

For my object a short discussion of a few examples of parasitism 
will suffice. | 

The little caterpillar Grapholitha weberiana makes borings into the 
bark of plum and apricot, and if the outermost corklayer is removed 
by shaving it off, the butterfly finds so many fit places for deposing 
its eggs, that the larvae creep in by hundreds and make new borings 
from whieh later the gum flows out. These holes are coated with 
a layer of slowly dying. cells, whence: the stimulus extends, which 
produces the gum canals in the contiguous “cambium”. By cambium 
I simply understand the not yet differentiated division products, 
“young wood” and young phloeoterma. The necrobiotic cells, clothing 
the continually extending holes in the bark, and the great numbers 
of new individuals of the caterpillars, make the gum production a 
chronical process. . 

To explain the formation of the enormous quantities of gum 
produced in this way, it seems only necessary to think of mechanical 
wounding and not of any special excretion from the animal. But it 
must be noted that the space, where the caterpillar lives during its 


1) Untersuchungen über die Entstehung des Kirschgummi. Sitzungsber. d. Kais, 
Akad. d. Wiss. in Wien. Mathem. naturw. Klasse. Bd. 115, Abt. 1. Pag. 912, 1906. 


ek a a 


815 


growth, namely a vertical narrow canal in the innerbark, very neat’ 
to the cambium, could not possibly be imitated artificially. 


s 


Fig. 1. (Natural size). Gum producing peachalmond in September, whose 
summit is cut off; the gum from the gum canals is afler drying, swollen by 
moistening with cold water. 


Much more common and interesting than the animal parasites are 
the gum producing Fungi of the Amygdalaceae, five of which are 
found in our country.’) The commonest and most vigorous is Cor- 


1) Coryneum beijerinckii OupEMANS, Cytospora leucostoma PERsoon, Monilia 
cinerea BoNoRDEN, Monilia fructigena BonorDEN and Botrytis cinerea PERSOON 
(see Rant, l.c. p. 88). German authors also mention bacteria as instigators of 
gummosis, I never found them. 
a4 
Proceedings Royal Acad. Amsterdam. Vol. XVII. 
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yneum beijerinckti Ovpemans (Clasterosporium carpophilum Apnrn.).”) 

Pure cultures of Coryneum in bark wounds of almond, peachal- 
mond, peach, cherry, plum, bird’s cherry, sloe, virginian plum, develop 
with remarkable quickness and soon make the bark die off, evidently 
in consequence of the secretion of a poison, Around the dead cells 
the necrobiotie are found from which the stimulus issues, which, 
penetrating into the cambium in the usual way, forms gum 
canals in the young woud. Many mycelial threads of the parasite 
itself are then. eytolised- and converted into gum. I think this fact 
remarkable and a strong argument for the material nature of the 
stimulus. 

Undamaged branches are with difficulty infected by the parasite, but 
it is easy, even by very slight -wounds and artificial infection, if 
only the wounds be numerous, to obtain great quantities of gum. 
This circumstance explains why nursery men dread wounds in the 
trunks and branches of stone-fruit trees. 

In the green shoots, especially of the peach, the formation of 
anthocyan is observed in the enfeebled tissue around the wounds 
infected with Coryneum when exposed to sunlight. *) 

The supposition that secretion products of the parasitic caterpillar 
or the Fungus could be the direct cause of the stimulus, is contrary 
to the positively existing relation between mechanical wounding and 
gunimosis. 


Gum canals in the fruitflesh of almond and peachalmond. 


To the preceding facts, long since stated, I wish to add the following. 
Already in my first paper of 1883 I called attention to the circum- 


1) BeEiERINCK, Onderzoekingen over de besmettelijkheid der gomziekte bij planten. 
Versl. d. Akad. v. Wetensch. Amsterdam, 1883, — Contagiosité de la maladie de 
gomme chez les plantes. Archives Néerlandaises, 1é Sér., T. 19, Pag. 1, 1886, — 
CG. A. J. A. OUDEMANS, Hedwigia, 1883, NO. 8. — SACCARDO, Sylloge Fungorum, 
Vol. 3, Pag. 774, 1884. — ApERHOLD, Ueber Clasterosporium carpophilum (Liv.) 
ADERH. und dessen Beziehung zum Gummifluss des Steinobstes. Arbeiten der 
Biolog. Abt. am Gesundheitsamte zu Berlin. Bd. 2, Pag. 515, 1902. ADERHOLD 
has experimented with pure cultures of Corynewm, which | had made and sent 
him. He himself has not executed any isolations of gum parasites. His determination 
as Clasterosporium amygdalearum (LÉv.) is thus founded on the imperfect de- 
scriptions from the older mycological literature, in which OupEMANS was no doubt 
better at home than he. Like Linpau I reckon Clasterosporium to another family 
than Coryneum. 

*) The apperance of anthocyan in the light is commonly a token of diminished 
vitality and often a consequence of necrobiose in the adjoining cells. Hence, wounds, 
poisons and parasitism cause anthocyan production in the most different plants. 
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stance, that in the fruit-flesh of the peachalmond, and as I may add 
now, also in that of the almond itself, there is a system of gum 
canals, precisely corresponding to that of the vascular bundles. Of 
these the phloem bundles are converted into gum canals by cytolysis, 
either entirely or with the exception of the outer protophloem ; the gum 
canal (gp Fig. 2 and 3) thus, is always immediately contiguous to 
the woody bundle ei. 


VALI 
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Fig. 2 (3). Gum canals in the transversé 
section of the fruit-flesh of a peachalmond : 
ha hairs on epidermis; hw dermoidal tissue; 


| bp chlorophyll-parenchyma; x] xylem bund- 


les; ph phloem bundles; gp gum canals 


sprung from phloem bundles. 
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Fig. 2 and 3 are reproductions from my 


above mentioned treatises of 1883 and 1886. 
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The presence of gum in the canals of the fruit is easily shown. 
In August or September the summit of a peachalmond fruit is cut 
off and the fruit, or the branch with the fruit, is placed in water. 
After some moments all over the section droplets of gum are seen 
evidently issuing from the vascular bundles. As these bundles 
are distributed through the fruit-flesh, running longitudinally and 
transversely, and are partly reticulated, the number of droplets is 
very great and they are of different size. In particular near the stone 
they are big. If in August the gum is allowed to flow out in cold 
water it dissolves completely or nearly so. In September the dissolving 
is no more complete. By drying the gum, its solubility in cold 
water gets almost lost, but it continues in hot water. 

From lateral incisions also much gum flows out. In Fig. 1 the 
drops are represented after drying, followed by swelling up in cold 
water. 

Although this gum does not only consist of dissolved wall material 

54* 
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but also of cell contents, the microscope can only detect fine granules, 
evidently corresponding to’ the microsomes of the protoplasm, which 
are not dissolved during the eytolysis I could not find back the 
cell nuclei in the gum, but in the cells of the not yet cytolised 
phloem bundles, they are neither perceptible. As under normal cir- 
cumstances the gum does not flow out, its volume must be about 
as great as that of the phloem bundles which are cytolised. It is, 
however, certain that the capability of the gum to swell up by 
imbibition is much greater than that of the cell-tissue which gave 
rise to its formation. It seems thus certain that imbibition with 


Fig. 3 (360). Gum canal with surrounding; 
gp gum; «xl xylum bundles, unchanged; ph non- 
dissolved cells of the phloem bundles; cd thread- 
shaped cells in a gum canal, originating from the 
phloem bundles. 


sufficient access of water must lead to a perceptible pressure and 
also some thickening of the fruit-wall. This must promote the 
opening of the fruit as well as the remarkable detaching of the 
stone, although the required mechanical power for these processes 
inust, no doubt, chiefly be the tension of the tissue of the paren- 
ehyma of the fruit-wall existing independently of the gummosis. 
Finally the stone is found quite loose within the fleshy shell, which 
mostly opens like a bivalvate mollusk, but sometimes shows three 
or four fractures. The vascular bundles, which pass from the fruit- 
flesh into the stone, are thereby torn off clear from the stone. At 
the base the separation seems provided for by an intercepting layer, 
as at the fall of leaves. 
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The portion of the phloem bundles within the stone of the peachal- 
mond is never converted into gum; in the almond itself such gum 
is found in rare cases inside the shell. 


Wound gum in the fruit-wall as a consequence of mechanical 
stress of the tissue. Gumming almonds, 


In many cases real wound gum is found in the fruits of the 
almond and the peaehalmond, not proceeding from the gum canals 
but from fractures in the parenchyma of the fruit-flesh. Its origin 
must undoubtedly be sought in the tension or stress of the tissue, 
which causes the opening of the fruit. An additional circumstance, 
however, is required, namely a loss of vital strength, by which the 
regenerative power of the tissue that coats the fracture is annihilated. 
The therefrom resulting incapability of regeneration is associated 
with the ripening of the fruit in a way not yet explained and 
should rather be attributed to superfluous than to poor nutrition. 
Parasitism is wholly absent in the production of wound gum from 
the parenchyma of the fruit. 

The fracture is mostly at the side where the two edges of the 
carpels are grown together and the fruit later opens. Not seldom 
in this case is wound gum seen to flow spontaneously from the 
base of the fruit along the short peduncle. In other cases the wound 
is at the side of the middle nerve of the carpel. Always the edges 
of the fracture are coated with cells in a condition of necrobiose, 
which is evident by their quickly colouring brown at the air, which 
normal living cells do not. These necrobiotic cells and the adjoining 
tissue produce gum. With the microscope not quite dissolved cell- 
walls may be found in the gum, showing that the cells were about 
full-grown when the process began. 

In common almonds gum is sometimes found within the hard 
shell, *) and eventually part of the kernel itself is then also changed 
into real wound gum with still recognisable remains of the cell- 
wall. In such almonds the phloem of the vascular bundles, which 
run through the stone to the funiculus, is always changed into a 
gum canal, so that the gum can reach the surface of the young 
seed. 

If we suppose that gummosis originates by the action of a cytolvsine, 
it seems very well possible, that the lysine which has flowed inward 
together with the “canal gum”, is able to attack the developing 


1) The small quantity of gum found, especially in “hard almonds”, at the 
surface of the shell, proceeds from the gum canals of the fruitflesh. The sugar 
layer which covers the shell of the “soft” species is dextrose. 
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seed and is yet too labile to be demonstrated by infection of bark 
wounds with gum. Experiments in this direction may perhaps be 
effected with the peachalmond. 


Wound stimulus as factor of development. 

Formerly I thought that the presence of gum canals in the fruits 
was accidental and should be explained by parasitism, although I 
could not find any parasites. 

In later years, with better knowledge, 1 again examined the gum 
canals in the peachalmond and their surroundings repeatedly. Never 
did I find a fruit without them, but they were not equally developed 
in different trees from different gardens. In specimens of sandy 
grounds they can sometimes only be found with the microscope. 
Neither microscopically nor by experiments has it been possible 
to detect gum parasites. This makes it quite certain that in the 
formation of gum canals parasitism is excluded. *) 

The great ease wherewith mechanical tension causes wounds in 
the fruit-flesh of the peachalmond, gives rise to the supposition, that 
the normal gum canals may be the product of some hidden wound 
stimulus. 

If this supposition is true, we cannot think of wounding in 
the common sense of the word. When the flowers fall off, a 
ring-shaped wound forms around the base of the young fruit, 
but this is a normal process, taking place in an_ intercepting 
layer and soon followed by complete healing. In the flowers of 
peach, plum, apricot, cherry,, we observe the same without any 
formation of gum canals in the fruit-flesh. Moreover, although the 
peculiar structure of the layer between the woody peduncle and 
the stone, along which the ripe fruit detaches, reminds of rent 
tissue, no gum is formed at that spot and the layer also exists in 
the other stone-fruits, where no gum canals occur. 

So long as nothing else has been proved it must therefore 
be accepted that in the phloem bundles of the fruit of the peachalmond, 
where cytolysis takes place, the same factor of development is active 
as that, which gives rise to the pathological gum canals in the cambium 
of the branches. This leads to the conclusion, that the wound stimulus 
belongs to the normal factors of development of this fruit, although 
nothing is seen of external wounds. When considering, that the 
phloem bundles are built up of extremely thin and soft-walled cells, 


') The supposition, sometimes met with in literature that the gum of the Amyg- 
dalaceae should consist of bacterial slime is quite erroneous. That parasitic bacteria 
eventually occur as gum parasites, as is stated by some authors, I do not think 
impossible, although till now I only found caterpillars and Fungi as active agents, 
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it is conceivable, that by great tension of the tissue in the surrounding 
parenchyma, they undergo strain and pressure causing mechanical 
rupture and necrobiose, centre and prey of the wound stimulus 
being the phloem bundles themselves. 

This conception is in accordance “with the fact that the gum 
canals are broad in the fruits of well-fed trees on rich grounds, 
which have a hard and solid flesh, wherein stress and strain are 
certainly very great. Only here and there remains of the protophloem 
along the gum canals are still to be found in such fruits. But in the 
softer fruits of sandy soils, along the much narrower gum canals 
not only the protophloem is still present, but also stripes of the 
secondary phloem. 


Summarising we come to the following conclusions. 

Mechanical wounds in growing tissues of Amygdalaceae will some- 
times heal directly, sometimes after previous gummosis. 

The chief tissue, which is transformed into gum is the young 
secondary wood newly sprung from the cambium and not yet 
differentiated. By the wound stimulus a network of gum canals 
is. formed around the wound. In thick branches, with a bark wound, 
this network has an elliptical circumference, the wound being in the 
lower focus of the ellipse, 

If the stimulus is removed by the cure of the wound, the cam- 
bium again continues to produce normal secondary wood, so that 
afterwards the gum canals may be found in the wood itself. 

If the stimulus continues the gum formation also becomes lasting. 

The stimulus issues from the cells that die slowly by wounding, 
poisoning or parasitism. Probably a eytolysine flows from these cells 
into the young wood or the procambium; these bind the lysine and 
liquefy to gum. Hence, gummosis is caused by necrobiose. 

Young medullary rays and phloembundles are with move difficulty 
converted into gum than the young secondary wood. But in the 
fruit-flesh of the almond and the peachalmond it is the phloem 
which changes into gum. The protophloem of the bundles often 
remains unchanged. 

Although gummosis in these fruits belongs to their normal develop- 
ment, a wound stimulus is nevertheless active. This stimulus springs 
from the strong tension in the parenchyma of the fruit-wall, which 
gives rise to tearing, necrobiose and gum formation in the delicate 
tissue of the phloem bundles. Consequently the wound stimulus is 
here a normal factor of development. 

It might also be said that the almond and the peachalmond are 
pathological species, but thereby nothing would be explained. 
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Chemistry. — “The allotropy of Lead.” I. By Prof. Ernst COHEN 
and W. D. HELDERMAN. 
(Communicated in the meeting of Oct. 31, 1914.) 


1. Indications concerning the existence of allotropic forms of 
lead are found not only in the earlier chemical literature. Fourteen 
years ago Ernst Conen’) pointed out in his studies on tin a clause 
in Puurarcu’s (50—120 A.D.) Symposiaca (VI, 8) in which allusion 
is made’) to the fact that lead is sometimes disintegrated spontaneously 
at low temperatures. 


This clause runs as follows: “No, the craving for food is not caused by the 
cold, but in the body something takes place similar to that which happens with 
metals in a very strong winter. There it is seen that cooling not only causes 


congealing, but also melting, for in strong winters axovat boatiBdov (pieces of 
lead) occasionally melt away, consequently something similar may be supposed to 


PE 


take place in the intestinal process, etc... 

Moreover THEOPHRAST (390—285 B.C.) mentions such phenomena in his book 
zegì args: “xattiteooy ydg padi zai woABdor Jy raxijvar eV TO 
Iövro adyov zai yewdros ortog veavizot, yadxov dé Oayijvar.” 
(It is told that tin and lead melled sometimes in the Pontos when it was very 
cold in a strong winter, and that copper was disintegrated. 


2. Sarnre-Crairm Devittn*) stated that the density of lead is a 
function of its previous thermal history. He gives the following 
figures (water at 4° = 1; Temp. ?) a 

After quick cooling of molten lead 11.363. 
u slow ys As ES » 11-254. 


In a second experiment he found: 


Density of lead electrolytically deposited 11.542. 
After melting and rapid eooling 11.225. 


About the value 11.542 he says: 


“Mais telle est la rapidité avec laquelle se carbonate à l'air ce plomb extrême- 
ment divisé, quil a fallu le transformer en sulfate pour en déduire ensuite le 
poids de la matière employée. Cette complication introduil-elle quelque incertitude 
sur le premier nombre, ou ne doit on pas plutôt l'admettre comme représentant 
la densité de ce plomb parfaitement cristallisé ?”’ 


3. These values as well as others given in earlier literature have 
to be accepted with reserve as generally no data are given about 


1) Proceedings of the meeting of Jan. 26, 1901, p. 469. Zeitschr. f. physik. 
Chemie 36, 513 (1901). 

2) PLurarcHt Chaeronensis varia scripta quae moralia vulgo vocantur. Lipsiae, 
ex officina Car. Tauchnitii 1820. Tomus IV, 339, 

35) C. R. 40, 769 (1855). 


Prof. ERNST COHEN and W. D. HELDERMAN, „The Allotropy of Lead I”. 


(Natural size). 


Proceedings Royal Acad. Amsterdam, Vol. XVII. 
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the purity of the material experimented on and as there often 
exists some uncertainty concerning the method whereby the density 
has been determined. 


4. Kanipaum, Rota and Srepier') found the density of a pure 
Oo 


20 
specimen of lead prepared by distillation in vacuo to be d En 11.341. 


5. The values given by different authors for the specific heat of 
lead vary within wide limits, as may be seen from the table given 
in Arrae’s Handbuch der anorganischen Chemie.*) Moreover it may 
be called to mind that Lr Verrier’) stated, that the specific heat 
of lead is a function of its previous thermal history. 

6. The facts mentioned above as well as the investigations of 
Storsa, ‘) and those of Orro LEHMANN ®) render a new investigation 
of the subject very desirable. 

7. A year ago we carried out some experiments in this direction. 
As the results were negative we experimented with other metals, 
which yielded a more favourable result. Since a fresh investigation 
on lead has given positive results, as will be proved below, we 
give here also a short description of our earlier experiments, which 
taken together with the new experiments furnish a confirmation of 
the results obtained by us in the case of other metals (bismuth, cad- 
mium, copper, zinc, antimony). 

8. Our experiments have been carried out with lead which 
contained only 0.001 per cent of copper and 0.0006 per cent of 
iron (Blei-‘‘KAnLBAUM ’-Berlin). ®) 

The metal was turned into shavings on a lathe and washed with 
dilute nitric acid, water, alcohol and ether. After this it was dried 
in vacuo over sulphuric acid. 

9. The density of this material was found to be 


25° 


d Fe 


Goble, 


b. 11.330, 


We put the metal into an aqueous solution of PbCl, and kept it 
for 48 hours at 100°. After washing and drying it, we found: 


1) Zeitschr. f anorg. Chemie 29, 177 (1902). 
2) Bd. 8, 2te Abteilung, p. 633 (Leipzig 1909). 
3) Comp. Ernst CoHEN, Proceedings 17, 200 (1914). 
4) Journ. f. prakt. Chemie 94, 113 (1865); 96, 178 (1865). 
5) Zeitschrift f. Kristallographie und Mineralogie 17, 274 (1890). 
Ernst CoHEN and Kartsusi INouvr, Zeitschr. f. physik. Chemie 74, 202 (1910), 
6) Mrumws, Zeitschr. f. anorg. Chemie 74, 407 (1912), 
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d —~ ne. A320. 
de AL. S285 


Another part of the original material was melted and chilled in 
a mixture of alcohol and solid carbon dioxide. The determination 
of the density gave the following result : 

Ko 
d ae ge. 11.330, 
Beten on 

10. As our determinations had been carried out with an accuracy 
of 3 or 4 units in the third decimal place, it is evident from the 
experiments described above that we had not been able to detect 
any transformation in the lead experimented with. 

11. However, some months ago Mr. Hans Herrer at Leipzic was 
kind enough to call our attention to some phenomena which he 
described in the letter which follows : 

“Gelegentlich eines Vorlesungsversuches, der einen sogenannten ‘Bleibaum” 
zur Darstellung bringen sollte, bereitete ich eine Lösung von 400 gr. Bleiazetat in 
1000 ee. Wasser unter Zusatz von 100 cc. Salpetersäure (spez. Gew. 1.16), die 
als Elektrolyt bei der Bleiabscheidung diente. Als Elektroden dienten bei dem 
Versuch Stücke aus reinem Blei. Diese Bleistücke bliehen nach der Eiektrolyse 
etwa 3 Wochen in der Lösung stehen. Als ich sie alsdann herausnehmen wollte, 
bemerkte ich, dass sie ihre weiche, dehnbare Beschaffenheit völlig verloren hatten 
und eine spröde, bröckelnde Masse geworden waren. Der Gedanke, es hier mit 
emmer stabilen Modifikation zu tun zu haben, erschien mir um so wahrscheinlicher, 
als das spröde Blei ganz dem grauen Zinn gleicht, beide Metalle zu der gleichen 
Gruppe des periodischen Systems gehören und Metastabilität unserer Metalle nach 
Ihren Forschungen nichts Befremdliches mehr ist. 

Kurze Zeit darauf brachte mir ein Kollege ein Bleikabel, das an verschiedenen 
Stellen eine weisse pulvrige Beschaffenheit zeigte von ganz ähnlicher Art, wie ich 
sie an den vorhergenannten Bleistücken beschrieb. Wir machten darauf den Ver- 
such reine Bleistücke unter konzentrierte Salpetersäure zu bringen und sie mit ein 
wenig unseres spröden Bleies zu impfen. Der Erfolg blieb nicht aus: nach 
wenigen Tagen hatten sich betriichtliche Teile der Bleistücke zu der bröckligen 
Modifikation verwandelt,” 

Mr. Heruer kindly invited us to continue these investigations ; 
repeating his experiments with our pure lead we were able to corro- 
borate his statements. 

12. The lead was melted, chilled in water and cut into small 
blocks (3,5 X 2 x 0,5 em). We put them into glass dishes which 
were filled up with the solution mentioned by Herrer. The dishes 
were covered with glass plates. The temperature of the solution was 
15°—20°. The addition of some nitric acid has the effect that the 
surface of the metal remains bright during the experiment. 
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In this way the electrolyte is in constant contact with the metal 
and the inoculation which occurs can go on undisturbed. 

The photographic reproductions (natural size) which accompany 
this paper illustrate the development of the phenomenon. Fig. 1 
shows a plate of pure lead in its original condition. Fig. 2 represents 
the plates after having been in contact with the sotutión for some 
days; there are to be seen deep cracks, which show that the material 
has shrunk locally. In consequence of this an increase of the density 
was to be expected which was proved by means of the pyenometer 
(comp. § 19). Fig. 3 shows the plates after three weeks in the same 
conditions: the metal has been disintegrated. 

Repeating the experiment with 15 or 20 blocks we got in all 
cases the same results. 

13. We shall prove below that the phenomenon is not a chemical 
one; the following experiment may give already an indication in 
this direction. One of the blocks (+ 40-grams) was put into a cali- 
brated tube which had been filled up with the solution mentioned. 
This tube stood in a small dish containing the same solution. After 
three weeks no evolution of gas had occurred, either at room tem- 
perature or at higher temperatures. | 

14. After this the phenomena described above were investigated 
by means of both the pycnometer and the dilatometer. 


A. Measurements with the Pycnometer. 


15. We exclusively used the instrument (Fig. 4) described by 
Apams and JonNstTon'), following the indications given by the authors. 
Moreover we took the precaution of dipping the pycnometer into 
water before weighing (empty) and wiping the 
water off with a dry cloth. If this is omitted a 


slight error occurs. as the surface of the pyenometer 
is then not in the same condition as at the sub- 
sequent weighings, after it has stood in a (water) 
thermostat. 

All determinations were carried out in duplicate 
with two pycnometers (C and D) which contained 
+ 25 cem. 

16. Our investigations on bismuth, cadmium ete. 


SS gy 
NW 


had shown that the pyenometer measurements have 
to be carried out with special care. The volume 
changes which accompany the transformation of the 


Fig. 4, 


1) Journ. Amevic. Chem. Soc. 34, 563 (1912). 
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different modifications are, it is true, not inconsiderable, but they 
may be partially compensated in consequence of the simultaneous 
presence of different forms. In order to detect the remaining volume 
changes, very accurate determinations of the density must be made. 
We shall see below that special precautions must also be taken 
with lead. Evidently it is to be ascribed to such compensations that 
these phenomena have escaped the attention of earlier authors. 

17. We used toluene as a liquid in the pyenometer. 

Its density was found to be: 


25° 
d ra 0.86013 by means of the pyenometer C. 


0.86013 „ ORE Ee ee e D: 


The quantity of lead used for each determination was 40 — 60 
grams. The thermometers (divided into 0.05 degrees) had been checked 
against a standard of the Phys. Techn. Reichsanstalt at Charlotten- 
burg-Berlin. The weighings were carried out on a Bunrer-balance 
with telescope. The weights had been checked by the method 
described by TH. W. RicHarps '). 

18. In the first place we determined (at 25°.0) the density ot 
the lead immediately after its preparation for the experiments. 
It was melted, chilled in water and filed to powder. It was then 
treated with a magnet in order to remove traces of iron from the 
file. We washed the powder with dilute nitric acid, water, alcohol 
and ether, and dried it in vacuo over sulphuric acid. Its density 
was now: 


go 


4) 
dre 11.325, (Pycnometer C). 


The metal was then washed and dried again in the same way; 


KO 
de 11.322, (Pycnometer D). After treating again in this way we 


ane 
found d—— 11.324, (Pyenometer D). 
4° 3 

19. We brought the metal into the solution of the acetate (temp. 
15°). After standing for 3 weeks the material was washed and 


o 


25 
dried. Its density was now d 5 11.340, (Pyenometer C) 


11.342, (Pvenometer J). 


1) Zeitschr. f. physik, Chemie 33, 605 (1900). 


Bor 


The figures show that there has occurred at 15° an increase of 
17 units in the third decimal place. 

20. We put the metal again into the solution which was kept at 
50° (in a thermostat) for 120 hours. We found after washing and 
drying 


pas 


le) 
d ES 11.313, (Pycnometer C) 


11.312, (Pycnometer J). 


The density had decreased 28 units in the third decimal place. 
21. The experiment was repeated again, this time at 25°.0 (in a 
thermostat) for 144 hours. 


ORO 
We found: d/ : 11.327, (Pyenometer C°) 
4 ; 
11.329, (Pvenometer D). 


An increase of 15 units in the third decimal place had occurred. 
22. Our table I contains the results of these determinations: 


BAAN ET ce oh 
a eaf 25° 
| LE 
| EE 
Without any previous treatment 11.324 
After treatment at 15° or „341 
5 je „ BO? ESL) 
= a ae 11.328 


B. Measurements with the dilatometer. 


23. This investigation was carried out in the same way as has 
been described in the case of cadmium *). 

Some kilograms of lead were melted in a spoon and poured out 
into an iron form. The metal cooled in contact with the air. After 
filing it we treated it with a magnet and put it into the solution of 
the acetate. Here it remained (at 15°) for 15 > 24 hours. After this 
it was washed and dried in the way described above. We used 
+ 600 grams in the dilatometer. (Bore of the capillary tube 1 mm.). 


1) Proceedings 16, 485 (1913); Zeitschr. f. physik. Chemie 87, 409 (1914). 
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At 50°.8 the decrease of the level was 700 mm. (84 hours). 


22 74°.4 EE) rise EE) 99 EE) EE) 275 EE) (2 EE) je 


Whilst the first preparation ($ 20) had shown at 50° a decrease 
of density, we now find an erease. From this result we may 
conclude that there are more than two allotropic forms simultane- 
ously present. 

24. Special attention may be paid to a phenomenon which we 
observed with all our preparations and which stands in close con- 
nexion with the fact that lead as it has been known up to the 
present, forms a metastable system containing simultaneously several 
allotropie modifications of this metal. 

It is generally known that when a bar of any metal which is 
more electro-negative (resp. eleetro-positive) than lead is suspended 
in a solution of a lead salt, the lead is thrown out of solution and 
a lead tree is formed. 

We found that the same phenomenon occurred when our pure 
lead was placed in the solution mentioned above or in a (neutral) 
solution of lead nitrate (30 grams of nitrate, 70 grams of water). 
Soth at room temperature or at higher temperatures (50°) a lead 
tree was formed in a few days. 

25. We are in the case of lead in specially favourable circum- 
stances for the observation of this phenomenon. The galvanic current 
which is generated between the stable and metastable modification 
decomposes the solution. The metal which is electrolytically deposited *), 
shows in this case a characteristic form (lead tree) so that the 
phenomenon is very striking ’). 

26. We hope to report shortly on the different pure modifications 
of lead and their limits of stability. 


Utrecht, October 1914. VAN ‘rm Horr- Laboratory. 


‘) That the phenomenon is not to be attributed to the presence of iron (0.0006 
per cent) or copper (0.001 per cent) is proved by the investigations of OBERBECK 
{Wied Ann. 31, 337 (1887)] and by those of KöNIGSBERGER and Mürrer [ Physik. 
Zeitschr. 6, 847 and 849 (1905)]. 

>) We also carried out an experiment with tin: white and grey tin were put in 
contact in a solution of SnCl, (Temp. 15°). After some time a great many 
beautiful crystals of white tin were deposited by electrolysis upon the white metal. 
(Comp. ERNsT COHEN and E. GoLpscHMip7, Zeitschr. für physik. Chemie 50, 225 
(1905) |. 
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Mathematics. — “On an integral formula of Stmurses.” By Prof. 
J. C. KrLuyver. 


(Communicated in the meeting October 31, 1914), 


In the Proceedings, and Communications, Physical Section, series 
3, 2, 1886, p. 210, Srizites treats of definite integrals, referring 
to the function 


i= —=3 
]—y" nl 

In this function a stands for a positive odd integer without qua- 

h | 

dratic factors, and (- represents LEGENDRE’s symbol with the ex- 


ha NA 
: ( \m ave 
= 1 
hl \C ys (") ee 


a 


tension given to it by JACOBL. 
Iik 
‘As poles of the function f(y) only the points y=e are to be 
taken into consideration, and for the residue, belonging to such a 
pole, one finds 


i a7 Zelk hal ie 2rihk 
— —eé a Des ee e a 
a h=1 a 


From the well-known fundamental equation 
Qrihk 


h=a—1 /)j, 3 (= =F i k 
Sef he at ah 8 — | Wa 
n= a a 


it follows, that a pole is only to be found in those points y= 
in which 4 is prime to «. Consequently y= 1 is not a pole of the 
function, and we have, 


5 ] kzal / jh 
» fMW=-—- 2 (1) 
a hi a 
from which it follows that —a/f(1) is equal to the sum of the 


u 


| ; h 
numbers smaller than a, for which ( =-+1 (residues), diminished 
. . . . U 
With the sum of the numbers smaller than a, for which { — J—=—1 
cl 
is (non-residues). 
In the paper quoted, Stipnrses considers the definite integrals 


an 
oa ‚att atx 
fi (e—*) sin as da and Jr —2) cos — da, 
al An 


10 
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and he calculates the value of the first integral for the casé 
a= 4w + 1, the value of the second integral for the case 
a = 4w — 1. 

In the following I give a shorter deduction for these results. 

I suppose that the two positive, otherwise arbitrary numbers 3 
and y have a for produet, that ¢ is a positive parameter and now 
consider the integral er Shp 

pen en 
ey es E ) arie da. 


In order to valeulate this integral, it is not necessary „as STIELTJES 
does, to fall back on an integral formula treated by LrGENDRE and 
by Aber. It need only be observed that in the upper balf of the 
complex a-plane for increasing values of |t, the modulus of the 
mitegrand approaches sufficiently rapidly to zero, to permit us to 
equate the integral / to the sum of the residues in this upper half 
plane, multiplied by 222. 


TL 


The poles of the integrand are the poles of f (cet that is to 


. ki : 
say the points «= —(4= 0,1, 2,...), where & is prime to a. The 
P 
residue of such a pole is 
gee h=a-1 (hi Weds | (c= ) ran 
ne Od pe jet ee (Say Ve dee 
any A a Any a 


hence 


— a—1\? REDA : oxkt PE er? Dal 
A | 5 EE al : ) = fe) Sree B al Z ) ern). 


We ought to distinguish now between the two cases a = 4w +1 
and a= 4w— 1. ° 
For a= 4w+1 we have 


he —h — +5 
El = + (=) and conse§uently f\e Pf J=—fle f J, 
a 


so that it follows from the result found for /, that 
* oo mee /B _ ent 
fil 7 ona ntede=yVe 7(. r). (a=4w dl) ..@ 
Y 


On the other hand for a@—=4w—-1 
nx 


2nz 
h —h ETE aps 
6 — — (=) and consequently / (« Ê ) = df (- : ) ’ 
a 
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so that in this case it may be concluded from the integral formula that 


2e 2x (Tt et ont 
fel’ B ) cos 2nta dx — 4! (- 7 ) ae (a= tif Dees (EI) 
y 
0 


As may be proved the equation (II) remains true if we suppose 
t=O, and if the expansion in series 


tol 
| 
~. 


2rx 2amx 


c as 5 m =o m = EPE 
Wee bee OL eg 
mater 


is made use of, we get in this exceptional case 


et m Liede ppd a i f 
m=1\4 my Pe armas Ee 5 L. (== W— ) 


The results found by Srieurses have been derived with this, the 
equations (1) and (II) may now, however, be used, to find other 
results less known in the theory of numbers. 

For real values of « the function / (e-“) has the property of approach- 
ing rapidly to zero for positive and negative values of x of increasing 
modulus. This leads to the conclusion that Fourier’s general sum- 


mation-formula 
fe +2 
n—+n > 1 =o 
= F(§-+n) =|F (y)dy +2 = | F'(y) cos Zan (y—8&) dy 


n= 0 fi 0d 
—1 


may be applied, if we write 


nr 
i (7, (, 2 ia 
and if we suppose OS §< 1. 

Distinguishing again the cases a=4v+1 and a=4w—1, the 
value of the integrals in the right-hand member may be determined 
by means of the equations (I) and (II). It should be taken into 
consideration in the summations in the left-hand member, that f (e¢—7) 
changes its sign together with « or not, according as a is equal to 
dw +1 or to 4w— |. 

In this way the two following general equations are derived from 
the summation formula. 


= One Ed _ 2x(n+5) _ 2n(n—§) \ 
F(¢ ke = i(: Ê )-#(¢ Ê ie | 
| 
oie ; UD 
| i p 1 f heh TREE 
a= 2 = sncansf)é@ 4 |, (a= Aw + 1) 
a 


Proceedings Royal Acad. Amsterdam. Vol. XVII. 


1 n= ore) ile 
(EEA EE JN 
la Mi (IV) 
=/= ra) jn ok mijl 7 ) , (a=4w—1) | 
n= 


If in both members of these equations the functions fare expanded 
into series, the summations indicated are to be executed still further. 
1 shall, however, perform these reductions only for special values 
of the parameter §, in consequence of which the general results are 
simplified. 

In the equation (III) I substitute therefore §—1, at the same 


time I replace 3 by 5 and accordingly y by 2y. I further write 


kK 7 
e k= q; e v= q. 
The numbers q and g’ are then positive and smaller than 1; 
they satisfy the relation 


9 
2 


En 
log q X log q a 


but are for the rest arbitrary. 
In this way the equation (II) Sue into 


= (—1)" f(g) = | = a (—1)" f(q'2"+), 


n=0 
and if the functions f are my into series, we shall find 


r 


y nd ii = (=) Gots | f | yea, 5 q ss 4 
OY SS) SSS Og — < see | a= wl x 
Gama aya +- go q m=1 1 sg En ) 


In the equation (IV) I substitute $—0. We have then in the 
first place 


n= 


fa) + 2S 70% ig hi +2 570%}, 


and if again use is made of the expansion into series of the functions 
i we find 


y ise Up a O+ IS ie (=) nm alee ie uy 


pa, Jg 
RER i 1 M= '2m 
SS an (1) he ere (a = 4w—1) . (VI) 
q m=) lg 


The equations (V) and (VI) completely symmetrical with regard 
to gq and q are again conspicuous for the remarkable properties of 


833 
the arithmetical symbol Ee ) For the rest they show some similarity 
a 
with formulae in the theory of the functions, and point to a 
' l 
certain connection between the functions 9 (« -) and o(» ~). 


f % 
So it may be observed, that, from the equation 


| Me (» *) 

: : rey M= qm 
v, (0 a v, (0. ) 5 — ( - 4 = Ten cos on an 
; ov v Yn m1 1 +o 
4 ’ B 


in the case a= dw +1, ensues 


9 R.. % 
z 1 h=a-—1 h 3 is ’ B ; m= /m gr 
v, 0, — va, U Dn, a — —~_—=4ya Zz ae —, 
8 B h=t a IE 2 ) aN 1+ q2" 
tg (lege 
a 


and the equation (V) proves that the expression 


eet 
5 . v, Te hie 
1 t db em. ds G B 
—%,(0,—]9,(0,-])- 2 [- =. (a = 4w + 1) 
vg B B) nt \a G 5) 
Bil =s 
a 
remains unchanged, if 8 is replaced by y. 
In a similar way we conclude from 


z 
a, (« 5) oA 
B M= ger à 


—=zxcetvmt4ia XE — sin 2 mv 


a (- =) m=1 gr 
; B 


for the case a = 4w —1 to 


fe xt 
=a—-1/p de 5) 1 is —i/h, ah en m gen 
hen Vela ZOT te aleseee 


as Vig a Ad & pda m=i \ a /1—q?" 
a, a B 


We can prove now, that 


h=v—-1 /h 
Pp G jee == Aaf (i) 


fl 
consequently it ensues from the equation (VI), that the expression 


a 6 1 ) 
h=a—1 /] i ae 
: = (= RUE (a = 4w — 1) 


VB ia \a ae) 
a’ B 


holds its value, if 8 is changed into y. 
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Physies. — “On unmiving in a binary system for which the three- 
phase pressure is greater than the sum of the vapour tensions 
of the two components.” By Dr. F. B. C. ScuerreR. (Commu- 
nicated by Prof. J. D. van DER WaaLs). 


(Communicated in the meeting of Sept. 26, 1914). 


1. In my investigation on the system hexane-water the remarkable 
phenomenon presented itself that the three-phase tension of the two 
liquid layers by the side of gas appeared to be greater than the 
sum of the vapour tensions of pure hexane and pure water *). When 
the tensions of the pure substances at a definite temperature are 
denoted by P, and P,, the three-phase pressure by /, then for 
temperatures which are not too far from the critical end-point 

Pond 

If we could speak of “partial pressures” for such an equilibrium, 
this result would be impossible. A proof of this is found in VAN DER 
W aars KoHNsTamM's “Thermodynamik”, which however is only 
valid when the gas-laws*) hold for the saturate vapours. When the 
gas-laws do not hold for the gas phases, in other words if the gases 
possess surface layers, the proof is not valid, and the statement that 
the three-phase pressure must always be smaller than the sum of 
the vapour tensions of the components, holds therefore only for 
rarefied saturate vapours. 

In my paper on the system hexane-water I have shown that the 
contradiction with the second law of thermodynamics, which at first 
sight may be supposed to exist in the observed phenomenon, is only 
an apparent one. We might, namely, be inclined to reason as 
follows: If the three-phase mixture possesses such a high pressure, 
the pressure exerted by the water and hexane molecules, or at least 
that of one of them will have to be greater than the pressure of 
water vapour, resp. hexane vapour over the pure components. If we 
therefore bring the three-phase mixture by means of a semi-permeable 
membrane into contact with pure hexane and with pure water 
under their own vapour pressure, bexane or water will pass through 
the semi-permeable membranes from the three-phase mixture towards 
the pure liquid. We should then get splitting up of the three-phase 
mixture, whereas just on the contrary the so high three-phase pressure 
sets in of its own accord from pure water and pure hexane. This 
is in conflict with the second law of thermodynamics. 

" 1) These Proc. 16. 404. (1913). 

*) Thermodynamik. IL. S. 476. 
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I have shown in the cited paper that the conclusion that the 
three-phase mixture will expel water through a membrane permeable 
to water, is really correct, and that probably mutatis mutandis the 
opposite thing will apply to hexane. The error in the above reasoning 
lies therefore only in the very last conelusion. I have pointed out 
loe. eit. that it is, indeed, possible that two liquids, each under its 
own vapour pressure, mix to a three-phase mixture that possesses 
the property to get unmixed again into the pure components through 
semi-permeable membranes; that this is not in contradiction with 
the second law of thermodynamics, but that on the contrary this 
phenomenon will be frequently met with in my opinion, also for 
systems which do not present the special behaviour mentioned at the 
head of this paper. Thus solutions of gases which are but sparingly 
soluble in water will certainly expel water, when they are osmotic- 
ally brought in contact with pure water of the saturate tension. The 
observed phenomenon is therefore not in conflict with our theoretical 
considerations. 


2. To get an answer to the question whether the system hexane- 
water presents an exceptional behaviour in the appearance of a 
three-phase pressure which is greater than the sum of the vapour 
tensions of the components, I have investigated a number of other 
systems in the hope of findiug the remarkable phenomenon there too. 
First of all I have chosen the system pentane-water. The pentane 
which I had at my disposal, was however KaAnrBauMm’s “normal 
pentane’, which is no pure normal pentane, but a mixture of normal 
and isopentane, which can only be separated with great loss of 
substance and time, as the boiling-points of the two substances lie 
near room-temperature, and differ only little (slightly more than 
8 degrees). This slight difference of boiling-point involves that the 
pentane mixture behaves pretty well as a pure simple substance; 
the isothermal pressure ranges for condensation are slight. I have 
therefore given up the separation of the two pentanes, and compared 
the vapour tensions of the pentane mixture and of pure water with 
the three-phase tension of a pentane-water mixture. It is clear that 
both the pentane mixture and the three-phase mixture must possess 
a tension dependent on the volume at constant temperature, but 
also the three-phase tension appeared to be only little dependent on 
the volume. To execute this comparison of the pressures as exactly 
as possible I have determined the pressures for final condensation 
and for about equal volumes of gas and liquids both of the pentane 
mixture and of the three-phase mixture. > 
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TABLE I. TABLE II. 
5 5 if er ant Wee | 
Pentane mixture. Threephase mixture. 
Pressure (atm.) Pressure (atm.) 
Tem: Tem- 
Le arene 48 rg VG Re A VE ea VG 
15123 17.63 150.15 22.45 
151.9 Lies 150.7 22e 
161.1 20.6 160.6 2.29 
161.45 20.8 160.7 27.35 
169.95 23.7 | 166.5 30.3 
170.1 2a. 170.25 32.00 
180.1 27.6 | 110.55 32.65 
180.3 Ee | 180.3 39.0 
190.25 32.15 | 180.5 39.25 
190.3 32.05 171 | 44.1 
19323 | 33.6 
When the values of pressure and temperature indicated in the 
above tables are graphically represented, it appears that the line 


for the end-condensation coincides fairly well with that which holds 
for equal liquid and vapour volume both for the pentane mixture 
and for the three-phase mixture: the difference is nearly everywhere 
smaller than 0.1 atmosphere, and is therefore of about the same 
value as the errors of observations. When the pressure values are 
read for definite temperatures from the erapen! representation, the 
values of table 3 are found. 


oe oe BA ENT 

| Three-phase Pentane : 

| Temperature pressure pressure Waterpressure Difference 
150 22.4 Liss 4.7 0.4 
160 27.0 | 20.3 6.05 0.65 
170 32.4 23 7.8 0.9 
180 38.8 27.6 9.8 1.4 
187.1 44.1 30.7 11.6 Las 
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The values for the vapour tension of water have not been derived 
from earlier observations, but determined by myself to prevent an 
eventual deviation of the thermometer from vitiating the comparison. 
All the observations have been carried out with a normal thermo- 
meter, and with an Anschützthermometer verified by the boiling 
point of pure aniline. 

We draw the conclusion from the last column of table 3 that 
the three-phase tension is again greater than the sum of the vapour 
tensions of the pentane mixture and of pure water. The difference 


appears again to be greatest at the critical endpoint — in all the 
tables the critical values are printed in bold type —; with decrease 


of temperature the difference decreases rapidly, and according to 
the theory it must reverse its sign at temperatures where the saturate 
vapours follow the gas laws. 

The above described example shows therefore again a case of 
very high three-phase pressure. Though these experiments would 
have to be repeated with the pure substances to get perfect certainty 
about the behaviour of the binary systems, the conclusion that the 
pentanes and hexane behave analogously with respect to water, 
seems yet sufficiently certain to me. Also the relative situation of 
the critical end point with respect to the critical points of the com- 
ponents is the same as for the hexane-water mixtures. 

Finally I will still point out that the above only proves that there 
exists a pentane-water mixture that possesses the repeatedly men- 
tioned remarkable property, and this suffices also for my purpose; 
other proportions of pentane mixture and water will probably give 
rise to some change in the three-phase tensions because the pentane 
mixture is not a simple substance; for the solubilities of the two 
pentanes in water will probably not be in the same proportion as 
the quantities of the pentanes in the pentane mixture; the difference 
in the fifth column can therefore undergo some modification for 
another ratio of the two “components”. 


$ 3. The experiments of $ 2 confirming my supposition that the 
abnormal value of the three-phase pressure would be a phenomenon 
of frequent occurrence, | thought I had a great chance to find the 
same peculiarity also for other binary systems. I have therefore 
looked for binary systems of which it was known that for low 
temperatures the threephase pressure lies higher than the vapour 
tensions of the pure components separately and is about equal to 
the sum. Dr. BicuNner drew my attention to the systems carbon 
tetrachloride- water and benzene-water, which possess three-phase 
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tensions according to Rreraurr, which deviate little from the sum 
of the vapour tensions of the pure substances. REGNAULT even asserted 
that the tension of carbon tetrachloride-water mixtures is somewhat 
higher than the sum, and thought he had to ascribe this to slight 
contaminations; GrrNez has shown later that the three-phase tension 
is really slightly smaller than the sum of the vapour tensions, which 
is therefore in harmony with the theory. I have now tried to inves- — 
tigate the two systems at higher pressure; I have, however, not 
suceeeded in doing so with the system carbontetrachloride-water, as 
the components act on each other at higher temperatures. The inves- 
tigation is possible for the system benzene-water, and also this system 
appeared really to furnish an example of the remarkable phenomenon. 

Benzene free from thiophene (negative isatine reaction) was distilled 
from phosphorus pentoxide; the boiling point under normal pressure 
was 80°.2, and was therefore in perfect concordance with the value 
given by Youre. The vapour tension line of this benzene was deter- 
mined, and then the three-phase tensions of a benzene-water mixture 
were measured and compared with the vapour pressure line of water, 
which was also determined by the aid of the same thermometers. 
To avoid corrections I have measured the three pressure values 


TABLE IV. 

| Temperature | en | Waterpressure | poe | Difference 
150.0 | 10.6 | 4.7 5.9 . 0 
160.0 13.2 6.05 14 0.05 
170-0 Pets, | a6 a ata 1.8 8.5 DER 
18020). a OA 9.8 | 10.2 | 0.1 

| 190.0 fae 12.35 12.15 0.1 

lice 750050. sees aOR ht 455 |. 14.8 0.2 
210.0 eds | 18.75 | 16.7 0.45 
220.0 42.9 | 22.8 19.45 0.65 
230.0 | 50.9 ALPS 22.5 0.9 
240.1 | 60.35 33.0 25.95 1.4 
250.2 | 70.65 39.1 | 29.55 2.0 
2001) ide 8215 allie eae 33.7 2.35 
267.8 | 92.7 ‘calc.(52.4) calc.(37.35) 2.95 
gS Yara ke ES [i Sees 37.5 — 
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always at the same temperatures; if a slight error should occur in 
the absolute value of the given temperatures, this has no intluence 
on the pressure differences. The thermometers which I used in this 
investigation, have been tested by a resistance thermometer, the 
resistance of which was determined for boiling water, naphthaline, 
benzophenon, and sulphur. The obtained results are given in table 4, 
the pressures are given in-atmospheres. 

It appears from the last column of table 4 that the difference at 
150° to 200° is only slightly greater than the errors of observation, 
that the three-phase tension becomes appreciably greater than the 
sum of the vapour tensions at 210°, and that this difference rapidly 
increases with ascending temperature. 


4. When we combine the results of the system hexane-water 
and those of § 2 and 3, it appears that in the three systems the 
three-phase tension is always greater than the sum of the vapour 
tensions of the components in the neighbourhood of the critical 
endpoint. Moreover these three systems present the same shape of 
the plaitpointline in the 7-z-projection; the upper critical endpoint 
always lies lower than the critical points of the two components ; 
the plaitpoint line presents therefore a minimum temperature in the 
7T-x-projection (homogeneous double plaitpoint). Though in my opinion 
it is probable that the systems will behave perfectly analogously, a 
further investigation would have to decide whether for all this 
homogeneous double plaitpoint lies in the metastable region; Ll have 
shown this for the system hexane-water in my cited paper. It is 
remarkable that in the system ether-water the homogeneous double 
plaitpoint appears in the immediate neighbourhood of the ether axis 
or would perhaps lie outside the figure, so that the critical endpoint 
in contrast with the above discussed systems lies between the critical 
points of the components. In this system the said peculiarity does 
not occur. Accordingly I think I have to conclude that the systems 
which present critical endpoints which lie lower than the critical 
temperatures of the two components possess three-phase pressures 
which are higher at high temperatures than the sum of the vapour 
tensions of the pure substances, whereas the opposite is the Case for 
systems for which the critical endpoint lies between the critical 
temperatures of the components. Perhaps this conclusion may contribute 
to account for this remarkable phenomenon. 

Anorg. Chem. Laboratory of the 


June 25, 1914. f { j 
University of Amsterdam, 
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Physics. — “Contribution to the theory of corresponding states.” 
By Mrs. T. Exrenrest-Aranasssewa. D. Se. (Communicated by 
Prof. H. A. Lorentz). 


(Communicated in the meeting of September 26, 1914), 


§ 1. Mersin") has tried to demonstrate that every equation of 
state which contains the same number of material constants as 
variables, is to be reduced to a universal shape (i.e. to such a form 
that no parameters occur any more which vary with the substance), 
if the variables are replaced by their relations to suitable special 
values, which may be designated as “corresponding” for different 
substances. 

On closer investigation it appears, however, that the equality of 
the number of the parameters and that of the variables is neither 
necessary nor sufficient for the existence of corresponding states. 

A method will be given here to decide whether a given equation 
allows the existence of corresponding states. This method furnishes 
at the same time the possibility to calculate the eventually corre- 
sponding values of the variables for different substances. 

§ 2. In the first place we shall define the term ‘corresponding 
states” in a somewhat more general form. Let an equation be given 
between a system of m variables: z,,,,... & and a number m of 


such parameters: C\, C,,...Cn that they can vary with change of 
definite cireumstances (for evample of the substance). 
Let an arbitrary system of special values: 2,',2,',...%,' (we shall 


briefly denote it by «;’) of the variables 2; be known, which satisfies 
this equation for definite special values C, of the parameters Cj. 
Let us introduce the following new variables: 


et a, ep: vs me Un 1 
Uy — Tj , Ys — 3 1 » Wee ed Yn — Sr . . . . ( ) 
L, 2, Tone 


All the constants S; of the thus transformed equation can be 
calculated as functions of the former constant coefficients, of the 
values Ci’ and of the values aj’. 

When the parameters C; assume other special values C;", other 
systems of special values of the variables will satisfy the original 
equation. 

The case may occur that there is among them such a system of 
values : 


}) Mestin: Sur l’équation de vAN DER WAALS et la démonstration du théorème 
des élals correspondants C.R. 1893, p. 135. 


that on the substitution of 


WB ee one ee ne Mea) 


for wi, the constants of the transformed equation assume exactly the 
same numerical values S; as in the first case. We call such values 
Boden aoe corvesmonaent tot the palues ai! a la x,, and the 
state defined by the values 2;", correspondent to that defined by the 
values 2 (or corresponding to it). 

The form to which the given equation is reduced in this ease 


Ui Li 
by the substitution y; = —, resp. i ae will be indicated by the 
Ti wi 


word universal. 


$ 3. When for the system x; the system 2;" corresponding to it 
has been given, the system zj” can be easily calculated, which cor- 
responds with every other system zji’ of z; values, which satisfies 
the equation in the first case, by the aid of the following equations: 


| " 
Lj ae 


Vil ay" ; 
Indeed the values 2;' resp. 2;" satisfy the original equation, when 
the parameters C; assume in it the values C,' resp. Ci". When now 
the substitution 

Ui 


kn veer ete an de onee ONE 


Li 


has been carried out, the constants S; which we have calculated, 
assume other values, e. o. Si, and we must now find the values 21", 
which keep the quantities S;; invariant on substitution of C;" for Ci’, 
when the substitution: 


Ge 


vas (4) 


" 
; Uit 
is carried out. 
The values #;', however, satisfying the given equation, 


1 
Br 


' — 
Wilgen 
Vit 


satisfy the transformed equation. The constants of the transformed 
equation do not change, when 


! ! 
&; Li 


is substituted for vj. 
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The fraction: 
vi EE 


vi ei 
belongs therefore to the corresponding values w;", hence ej, corre- 
sponds to wi. 

Hence it is proved that in the case of a-system of values corre- 
sponding to a system of solutions, there also exists a system corre- 
sponding to every other system of solutions (when C;’ have been 
replaced by Ci"). 


§ 4. To find a system 2;", if the system w,' has been given, we 
take into account every product of powers of the variables: 
Et ae Snilin <2) es, 
which appears as separate argument in the given equation. We 
shall therefore write the given equation as follows: 
B(K PA IPs ae rs ee. Se =O ee 
K; and Z; are constants with relation to 2;, L; are those constants 
which do not oceur as factor of Pi, but in any other way. Among 
the A; and L; are therefore also included the variable parameters 
(for their functions). 
Let us put that the constants A;, Z; in the first, resp. second case 
have the special values: 
Ki, Di, resp. Ki" pie" 
(those among them which are independent of C;, have the same 
values in both cases); they are to be considered as given. We can 
write every variable also in the following way : 
‚Ze ! 
Es = Ui = Ui Yi. 


! 
Ui 


If we put them in this form in the equation (7), it assumes the 
following form: 
DQ Pis WEL 0 = 
in which 


Qt GE NEN EE EE 
Pi = ag CR a oO. ee 
PQ) = y fg Pea ee ee 


Now it is evidently the question to find such values 2;" that when 
Ci' is replaced by C;" and 2;' by 2;", all the constants Q; and Z£; 
— eventually with the exception of one factor, by which all the 
terms of the equation can be divided — assume the same values. 
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When we carry out this division — let the factor in question be 
R (it can be both one of the ( and one of the Z;) in all 44/1 
constants remain, which can have four different forms: 


Aan B 

Je R ’ ey 
The required 2;" must now satisfy the following equations: 

Qf' —= QQ 
a i Os 
Dt ver EL Tete GHS 
Des i Bi 
R' “ea R' 

and besides the following equations must hold: 
nn er ste Ua ea Ale SE ed Fo PLY 


" 


The number of equations (12), in which a," occurs, is quite 
independent of the number of m of the variable parameters C;. 

When all equations (13) are satisfied, and all those among the 
equations (12) which do not contain 2;", the three following cases 
can occur. 

1. Equations (12) are in conflict with each other (a group of s 
of the sought values is defined by more than s independent equations. 

2. They have one, or a finite number of systems of solutions. (It 
is required, though not sufficient for this that the number of independent 
equations in which 2;" oecurs, is equal to n. Hence m must not be 
greater than 7). 

Which of the systems of solutions corresponds with the given 
system w;', has to be decided by a further investigation in every 
separate case. 

This is the case in which we have corresponding states. 

3. They have an infinite number of systems of solutions. (It is 
required for this that ” is greater than the number of the equations 
that are mutually independent). In this case we may speak of corre- 
sponding states for the same conditions (e.g. for the same substance). 


$ 5. We shall now examine how Mersin has come to another 
conclusion. Mesrin starts from the conviction that all the constants 
of an equation are independent of the choice of the unities, when 
every variable in the equation bas been divided by a special value 
of it. This is perfectly correct. [t is also true, as we have seen, that 
every equation can be reduced to a form as meant here. 

It is however not true that those constants that do not change 
throuyh exchange of the unities, would also have to be unive. sal. 
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Mrsran seems to be not quite free from a confusion, which is indeed 
pretty widely spread: between the change of a number occurring 
in an equation through change of unities, (‘‘formal” change) and its 
change through transition to other conditions (to other specimens of 
the quantities which are measured by this number) (“material” 
change). 

In connection with this the assertion that in case of an equal 
number of variables and parameters the latter can always be com- 
pletely expressed in the former, is to be rejected. 

$ 6. We shall illustrate what we have discussed by examples, | 
which though fictitious, are as simple as possible. Their claim to 
physical signification, can indeed always be vindicated in this way 
that they are interpreted as equations for the geometric shape of 
some physical system. 

4; yaar datb (Nn ==rde 2); 

a. Introduction of special values of the variables 


y ‘hag x 
oti ac,” a ae U, zie b 
0 


0 vo 


v 
b. Division by Q,=y,: 
2 2 
y EEN Eer b 
=a mh Rakesh arene en 
Yo Yio Sp Yin En Yo 
c. Determination of the numerical values of the special values 
of the variables satisfying the equation and of the coefficients : 


1 
LE 5 Vb 
a 
ax,” 1 
y. ab 
Ly 1 
y ad 
b 
ee 
y 
d. Determination of the system of corresponding values: 
Or eee 
Yo ab Yo =d 
ep 
Ji ab : ab 
b' aor. a. 
a = —, 
Yo oy a*b* ab 
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from which would follow that a'b'= ab, which would be possible 
only when we have really but one independent parameter. 

It follows, however, from the thesis of $ 3 that if for one system 
of solutions there is not to be found a corresponding one, there 
does not exist one for any other system of solutions. 

Hence the given equation cannot be reduced to a universal form. 


2. y—=ar + abe + b° (n= mass) 
y ONS a 
a. Yo =a,’ | — |] + abe, — + DB? 
Yo vo vo 
A y se as (=) | abs, a 4 b* 
y 0 y 0 vo y 0 vo y 0 
—b 
C Yo = — b? ; U, rn 
a 
2m 3 a b? 
A ae en? ey ae A ena 
Yo Yo Yo 
b' 
d ¥, = — 6° ’ B =S 
a 
3 y=? Ja n= Ose = lh) 
x 2 
a „5 = U (2) SE U, i 
Yo vy vy 
; y =“ (=) ve 
Yo Y vy Yo Xo 
1 2 
C A nn ’ Yo = T 
a a 
El el a: 
OE LE 
1 2 
d ea : And 
a a 
41). pvz=AtBTtCT (n= 3, m == 0) 
p v 7 In 2 
a. Pov =A BT, — HCT | = 
Poo is LS 


See. eee Date mA ie ED ee ES Noe ere Dee ae 
Bie yao | 
As 3 8 independent of GC T°, the two last comparisons are contra- 


dictory, so that even if A= A’, we should not have corresponding 
states. 
Leiden, August 1914. 


1) This example fails in the Dutch text. 
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Chemistry. — “The nitration of the mixed dihalogen benzenes”. 
By Prof. A. F. HOLLEMAN. 


(Communicated in the meeting of Oct. 31, 1914). 


When in benzene are present two substituents and a third 
is introduced, the Substitution velocity caused by the two groups 
already present is unequal. From the data given in the literature 
it may be deduced that those velocities for the substituents pointing 
to the p-o-positions decrease in the subjoined order: 


OH > NH, > halogens > CH,. 


The question now arose how to express those velocities also in figures. 

Dr. Wrisaur has done this for chlorine and methyl by determining 
in what proportion the isomerides are formed in the nitration of 
o-chlorotoluene. In this compound the positions 4 and 6 are occupied, 
under the influence of methyl, by a nitro-group, the positions 3 and 
cH, 5 under the influence of chlorine. If now we determine 
esa the proportion in which the mononitro-chlorotoluenes 4 + 6 
5 3/ are present in regard to the iscmerides 3-+ 5 in the 
\YY nitration product, this is then also the proportion of the 
substitution velocities caused by methyl and chlorine, because they 
can exert their action in this o-chiorotoluene independently of each 
other; for the positions which are substituted under the influence 
of methyl are different from those that are substituted under the 
influence of chlorine. For this proportion was found CH, : Cl=1:1.475. 

Dr. vAN DEN AREND had previously determined the proportion in 
which the nitro-p-chlorotoluenes are formed in the nitration of p-chloro- 
toluene. If now, with the above mentioned ratio, we calculate the 
relative quantities, those calculated figures appear to agree approxi- 
mately with the observed ones. 


These researches, carried out in my laboratory, have now been 
continued, partly by Dr. HEINEKEN, so as to determine also the ratios 
of the halogens. The method followed previously for the quantitative 
determination of the isomerides, namely by means of the solidification 
curves, could, however, not be applied here as the two nitro-p- 
chlorobromobenzenes give a continuous series of mixed crystals and 
because it was to be expected, on account of the fact that the 
properties of the nitrodihalogen benzenes present a strong mutual 
resemblance, that this would occur in other eases also. 

Hence, for the quantitative determination of the isomerides present 
in the nitration mixtures, we made use of the property that a halogen 
in nitrohalogen benzenes is taken from ihe nucleus by Na-methoxide 
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only then when it is placed in the ortho- or the paraposition in 
regard to a ee Of the isomerides 


cl Cl Cl 
a ed Br ZN Bete 
7 ie 


TORRE 


NO. 


I, IV and VI only B of IL, If and V only bromine will be 
replaced by OCH,. Hence, if we determine the proportion in which 
chlorine and bromine are split off from the nitration product of 
p-chlovobromobenzene and from that of o-chlorobromobenzene, we 
get at once the proportion wherein in the first nitration product 
I and II are present in the second one IV + VI on one side, UI + V 
on the other side. This method has also the considerable advantage 
that all the isomerides for the construction of the fusion lines 
now need not be prepared individually and that in the nitration 
products the various isomerides need not be separated; this latter 
attempt in particular would, presumably, have failed owing to 
insuperable obstacles. 

The results obtained are as follows: 

Nitrationproduct of p-chlorobromobenzene contains 45.2°/, of the 


Cl 
ANNO: 
compound , and 54.8°/, of the isomeride 1, 3, 4. 
Noe 
Br 
Cl Cl 
Br NO, \Br 
Nutr. product of o-chlorobenzene consists of 55.5°/, of + k 
| No, he 
cl 


jn caer 
and of 44.5°/, of | 3 ; or in molecular proportion 1 :0.80, 
ssi ey 


The substitution velocity caused by chlorine and bromine when 
present together in the benzene nucleus is therefore as 1: 0.80. 
When calculating this proportion from the composition of the nitration 
product of p-chlorobromobenzene it must be remembered that in the 
nitration of chlorobenzene there is formed 30.1° , of the o-compound, 
but in that of the bromobenzene 38.3°/, of the same. If we call 


« the ratio of the velocities caused by chlorine and bromine we have 
30.1: 38.317 —= 45.2 : 54.8, 


or 
(op 


Proceedings Royal Acad. Amsterdam. Vol. XVIL. 
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from which a= 0.96. Hence, the result is here Cl: Br =1 0.96, 
The mean result of these two experimental series is therefore: 
Gl Br = 10:88: 

The nitration of p-chloroiodobenzene caused the separation of large 
quantities of iodine with formation of p-chloronitrobenzene. Hence, 
for my purpose it was unsuitable. 

In the nitration of o-chlorovodobenzene, there was also some separation 
of iodine, but the formation of o-chloronitrobenzene did not amount 
to more than about 3°/,. When determining the proportion in which 
Cl and I were separated from the nitration product by NaOCH, a 
correction for this must therefore, be applied. For the velocity ratio 
Cl: I was thus found the mean value of 1:14.84. 

It now became interesting to also investigate the nitration product 
of o-bromoiodo benzene quantitatively as to its components. For, as 
Cl: Br ‘was found :==4#:0:80 and..Cl-1l=4171:84 Bret ishoae 
be = 1: 2.30, if indeed the two halogens present, act quite indepen- 
dently of each other. 

Also in this nitration a little separation of iodine took place; the 
content of o-bromonitrobenzene in the nitration product was in 
this case 4.4°/,. Applying a correction for this the mean ratio 
Br: L=1:1.75 was found, which rather differs from the calculated 
figure. If, however, we calculate the percentages of the isomerides 
with the ratios 1.75 and 2.30 the theoretical value gives 69.7°/, of 
the isomerides Br, 1, NO, = 1, 2,3-+ 1, 2,5, and the experimental 
value 63.6"/, which may be considered as a sufficient approximation 
if we bear in mind the difficulties of these quantitative determinations. 

The conclusions from the above are obvious. Since it has 
appeared that two substituents simultaneously present in ortho- and 
in parapositions do not sensibly interfere with their respective 
actions in regard to a third entering group, we shall be able to 
calculate from the figures now found with sufficient probability in 
what proportion are formed the isomerides of other compounds, for 
instance in the nitration of o- and of p-bromotoluene. 

The above mentioned order of the substituents towards the decreasing 
substitution velocity caused by the same now becomes : 


OH > NH, >I >Cl> Br > CH. 


Hence, the ratio OH: NH, and NH,:1 still remains to be deter- 
mined. As, however, in the nitration of the iodoanilines great diffi- 
culties may be expected, A. F. H. Losry pe Bruyn has taken 
in hand a quantitative research of the nitration of o- and p-chloro- 


aniline in the above direction. As a preliminary result of his experi- 
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ments it may be mentioned that the ratio Cl: NH, is very large. 
The above velocity series must, therefore, be resolved into two parts: 
OH and NH, which cause a great substitution velocity and which 
are presumably of the same order of magnitude; on the other side 
the halogens and CH, with a lesser velocity, also of the same order 
of magnitude. A more detailed description of the above experiments 
will be published in the Recueil. 


Oct. ’14. Org. Chem. Lab. University Amsterdam. 


Physics. — “The reduction of aromatic ketones. UI. Contribution 
to the knowledge of the photochemical phenomena.” By Prof. J. 
BörseKEN and Mr. W. D. Conrn. (Communicated by: Prof An 
F. HoLLEMAN). 


(Communicated in the meeting of October 31, 1914). 
I. The reduction of the aromatic ketones in a perfectly neutral medium. 
per. 


In our former communications ') we have shown that the reduction 
of the aromatic ketones does not proceed any further than to pinacone, 
which is presumably formed from the primary generated half pina- 
cone molecule by rapid polymerisation. The fact that in an alkaline 
medium hydrol is always obtained, must be attributed to the rapid 
transformation of the pinacone, under the influence of the hydroxyl- 
ions, into an equimolecular mixture of hydrol and ketone, the latter 
of which can be again reduced to pinacone. 

This explanation was confirmed by the study of the reduction of 
ketones by means of aluminium amalgam. 

Here is formed a mixture of pinacone and hydrol; the proportion 
in which these two substances are formed differs from ketone to 
ketone and now it appeared that the quantities of hydrol ran strictly 
parallel to the velocities with which the diverse pinacones are con- 
verted into a mixture of ketone and hydro! under the influence of 
sodium ethoxide. 

Hence, aluminium amalgam in 80°/, alcohol may by no means 
be considered as a neutral reducing agent. 

The only modus operandi that gives the necessary guarantee that 
complete neutrality would prevail during and after the reduction is 
the action of the aromatic ketone on an aleohol under the cooperation 
of sunlight. The original intention of this part of the research, 


1) Proc. XVI p. 91 and 962 (1913). 
56* 


namely the tracing of the progressive change of the reduction, was 
soon attained by applying this method. 

A series of ketones dissolved in a great variety of alcohols and 
a few other substances, was exposed to sunlight (or to the light of 
the quartz-lamp) ; in all cases where reduction set in, not a trace of 
hydvol was obtamed. 

The ketone was usually quantitatively converted into pinacone ; 
occasionally, namely with benzylaleohol and a prolonged exposure 
to sunlight a combination of the half pinacone molecule with a 
group of the benzylaleohol, namely triphenylglycol was obtained as 
a by-product. ’). 

When to the alcohol some ethoxide was added hydrol was formed, 
as was to be fully expected. 


Hence, we arrive at the result that in the reduction of aromatic ketones 
the hydrogen unites exclusively with the oxygen. 


The experiments were carried out as follows : 

Quantities of 5 grams of the ketone were dissolved in 30 cesar 
aleohol rendered carefully anhydrous *) and exposed in sealed tubes 
of common glass to direct sunlight. 

The drying of the lower terms was performed by successively 
boiling with CaO, allowing to remain over metallic calcium at 0% 
and distilling; the higher ones were purified by distillation and both 
were then immediately sealed into the tube together with the ketone. 
After exposure to the light for some time, during which the course 
of the reduction could be traced by noticing the deposition of the 
sparingly soluble pinacone, the tube was opened, the pinacone was 
filtered off, the filfrate distilled, the residue united with the pinacone 
and in the distillate the aldehyde or ketone was tested and in 
some cases determined quantitatively. 

The exact details will be published elsewhere by one of us, a 
few remarks may suffice here. 

First of all was investigated the behaviour of benzophenone in 
regard to methyl, ethyl, n-propyl, sec.-propyl, tso-butyl, n-heptyl, 
sec.-octyl and cetylaleohol. The latter only was not attacked, not 

1) This had already been noticed by CramrcraN and Sier (B. 36, 1577 (1903)) ; 
the formation thereof is moreover a confirmation of our conception that as the 
first reaction product the half pinacone molecule is formed. 

2) Water acts in this reaction in a remarkable manner as a powerful negative 
catalyst; in 80°/) alcohol no reduction takes place after exposure for months, 


whereas in absolute alcohol in the same conditions, about two grams of pinacone 
are formed during ten hours’ action of sun-light. 
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even at higher temperatures ; the mixture however, was of a fairly 
strong yellow colour. 

The other alcohols reduced the benzophenone in some sunny 
spring days, with the exception of methylalcohol which required a 
much longer time. 

The research was then continued with allylalcohol, geraniol, cyclo- 
hexanol, benzylealeohol, phenylmethylaleohol, benzhydrol and cinna- 
mylaleohol. Of these, the saturated alcohols reduced rapidly and 
quantitatively ; the allylaleohol was attacked more slowly with form- 
ation of acraldehyde (even after two months’ exposure to light, the 
acraldehyde was unchanged, thus showing that the light alone does 
not exert a polymerising influence on this mobile substance). 

The geraniol was also oxidized very slowly, the cinnamylalcohol 
remained unaffected (we will refer to this behaviour later). | 

A few tertiary alcohols were also investigated; it was expected 
that these would remain unaffected and indeed this was the case 
with the dimethyiethylearbinol after two months’ exposure; during 
that period, diaethylmethylearbinol had generated 0,3 gram of pina- 
cone; with methyl-di-n-propylearbinol the separation of pinacone 
started after a few days and after two months 0.7 gram had formed. 

From this we notice that when the chain becomes longer, the 
activity of the hydrogen of tertiary alcohols gets enhanced, which 
enables it, with the cooperation of sun-light, to attack an aromatic 
ketone; what gets formed from the alcohol has not been investigated 
by us. 

From observations of CiawiciAn and SitBer') it is known that the 
hydrogen of some hydrocarbons, such as toluene, is already active 
enough to cause this reduction. We have been able to show that 
also the hydrogen of the eycloherane is transferred to the ketone, 
on the other hand, hydrogen itself was not capable of acting. 

Besides benzophenone some other ketones — particularly those 
that were previously subjected by us to the action of aluminium 
amaleam — were subsequently exposed in alcoholic solution to 
the light. 

Nothing but pinacone was ever obtained, but the phenomena 
occurring in these photo-reactions induced us to systematically repeat 
a large part of these purely qualitative observations in such a manner 
that on using a very simple modus operand: a relatively-quantitative 
result was still obtained. 


1) B. 48, 1537 (1910), 
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Il. The photo-reaction : ketone + hydrogen'= pinacone. 


In order to obtain a relatively-quantitative result we could make 
use of a constant source of light and allow this to act on the differ- 
ent solutions under the same conditions; for this purpose a small 
7 em. quartz-mercury lamp was at our disposal. Yet we have em- 
ployed this method but rarely, for instance in continuous dark 
weather, because on account of the unequal distribution of the light, 
at most two little tubes could be placed in front of the lamp in 
such a manner that it might be assumed that they existed under 
equal conditions. 

When it had been ascertained by us that the reduction took place 
quite as well in ordinary white glass as in quartz, from which it 
appeared that a very large part of the actinic rays was situated in 
the visible spectrum, the experiments intended for comparison were 
carried out as follows: 

A number of equally wide tubes of the same kind of glass and 
having walls of approximately the same thickness were filled with 
the same quantity of solution, and all placed at the same distance 
in front of a white sereen, which was placed close to a large labora- 
tory window. 

In this manner it was attained that the quantity of light that 
fell in the same time on each solution was practically the same, 
and perfectly comparable results were thus obtained. 

It speaks for itself that even then only the figures of a same 
experimental series were mutually comparable. *). 

A photo-reaction is distinguished from a reaction in the dark by 
two points. 

It is of a lower and frequently of the O order in regard to the 
substance which is being activated and the temperature coefficient 
is small. 7) 

As we found that the active light was situated in the visible 
spectrum and that the alcohols do not absorb visible rays, the 
ketones are in this reaction the sensitive substances, and so we could 
expect that the quantities of pinacone would be independent of the 


1) Also comp. O. Gross Z. phys. Ch. 37, 168 (1901) and E. GoLpBerG Z phys. 
Ch. 44, 1 (1902). 

*) The first property is due to the activation occurring in the outer layer; from 
the sensitive substance only a limited number of molecules can be raised by the 
same quantity of light to the same degree of activily; even at a moderate dilution, 
lie reaction becomes, on this ‘account, indevendent of the concentration of the 
sensilive substance and therefore of the 0 order. This applies to slowly progress- 
ing reactions where the sensitive substance can be rapidly supplied by diffusion 
from the dark interior to the light zone. 
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ketone concentration (in regard to the sensitive substance a reaction 
of the 0 order). 

By selecting the alcohol itself as a solvent the change in con- 
centration thereof could be eliminated. (Table I). 

In order to determine the order of the reaction in regard to the 
alcohol, benzene was chosen as being a general, non-absorbing and 
non-reducing solvent. (Table Iw) (Chronologically these last experiments 
were made after the position of the active light in the spectrum 
had been ascertained; we, however, state them here because they 
enabled us to give a complete image of the course of the reaction.) 

We notice that this reaction is indeed independent of the con- 
centration of the ketone, but not independent, however, of the con- 
centration of the alcohol. As the quantities thereof had been chosen in 
such a manner that they were amply sufficient even at the slightest 
concentration, it follows from the figures obtained that the velocity 
of the pinacone formation is proportional to the concentration of 
the alcohol. *) 

Thus we may represent the reaction by the kinetic equation : 

en 
dt 

With a constant light-quantity, the velocity of the pinacone forma- 
tion thus becomes proportional to the aleohol concentration; how 
many molecules of the ketone act simultaneously cannot be ascer- 
tained in this manner. As, however, pinacone and aldehyde are 
formed and as according to the above equation one molecule of 
aleohol is attacked simultaneously, the reaction scheme becomes: 

C,H,OH -++ 2(C,H,),CO = C,H,0 + (C,H,),(COH), ”). 

In order to learn the temperature coefficient the ordinary tubes 

(16 mm. diameter) were enclosed and sealed into a second tube 
(24 mm. internal diameter); the intervening space was filled with 
conductivity water and now two of these tubes were exposed to 
light as deseribed, one of them being kept at 25°—28° and the 
other at 792 —-78° 2): 
1) Here we have assumed that the change in concentration of the alcohol during 
each of the four experiments was so slight that it could be regarded as being 
constant; this, of course, is not correct and we really ought to have taken each 
time a portion from larger apparatus. In that case, however, the experiments 
would become much more complicated, because the light-quantily did not then 
remain constant during the experiment. Hence, we have rested content with the 
above modus operandi which is sufficiently accurate for our purpose. 

*) For a mixture of ketone and benzhydrole we have proved this reaction scheme 
yet in another manner (see next communication). 

3) Compare R. LurHER and F. Wereert, Z. phys. Ch. 53, 400 (1905). 
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TAB LE aw 
a Concentration of the ketone Quantity of | 
N°. in 25 cc. alcohol pinacone Remarks 
ist Series 
l 0.1 gr. benzophenone 0.09 gr. 
entirely converted 
2 025 : 0:25" 5, 
3 0.50 ” ” 0.34 ” 
4 OS, 5 0.36 „ 
5 l= fy ” 0.36, 
2nd Series 
1 1 gr. benzophenone 0.47 gr 
2 age x 0.49 „ 
3 3 ” ” 0.49 ” 
3rd Series 
1 0.1 gr.ochlorobenzophenone 0.09 gr 
entirely converted 
2 O25; ie 0.24 „ 
3 0:50"; ne 0:38 „ 
4 ir er Pf 0:39 .,, 
5 l= ” ” 0.39 ” 
6 2— ,, De 0.88 „ 
Ht 3.— 5, e 0.39 =, 
8 A ,, > 0.41 „ 
TA BIE de: 
Concentration of C‚Hs5OH in . 
No, | the benzene solution of 2 gr. or T'atios 
(CgH;)2CO per 25 cc. P 
1 0:2527 gror 1 eq. 0.08 gr. 1 
2 0.5054 Fe fa a 018.5, 2.25 
3 LOTS teer 0:36, 4.50 
4 2OZ1 OV rt, NGN 0.66 ,, 8.25 
5 oo (pure alcohol) 0.69 „ 
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More accurate experiments were not considered necessary as we 
did not care for the absolute value, but only for the order of mag- 
nitude of the temperature coefficient. 

Adjacent to the jacketed tube was also suspended an ordinary 
tube to ascertain whether the presence of the jacket had any influence 
on the pinacone formation. 

The subjoined table II gives a survey of some series of experiments. 

From these results it follows that the method is sufficiently accurate 
for our purpose, the ketone reduction is indeed a photo-reaction 
with a small temperature coefficient; this still falls below the mean 
stated by Piotnixow') of 1,17 per 10°. 


TABLE Il. Time of exposure 2—3 days. 


K 
NO, Contents of inner tube | = Pf? ep Ben Ros | 
Ist Series 
1 2 gr. (CgH;), CO in 25 ec. alcohol | 25°—28° 0.45 gr. 
without jacket | 
2 Blind nde ict ib gacket st 0.76, 
|+ 50° 1.06 
3 ad Meee NSC Ie. Gr tie Ibe 4020, 
2nd Series 
1 ee, ets ve Withoût jacket | 25°—28° 0.44 gr. 
2 NR Der os 3s WHILE CRE | oe | 0:70, 
[+ 50° | 1.065 
3 ke Lt Td 0.96 ,, 
3rd Series . 
1 2er.(CICsHy)2CO in 25cc. alcohol | 25°—28° 0.27 gr. 
without jacket | 
2 RiP) Alert sy veitheraekel iyi ail | 0.35 ,, | 
+) 5074) | 1.095 
3 23 MOEN PME ROU ee oC ne ORE Ber sel 0.55 ,, 
4th Series 
1 ome, he” Without: jacket 2525 0.24 gr. 
2 LL aA ages eles Wikka abt rr 0.30 ,, 
| 50° | 1.10 
3 Ee Ane PE ee A 0:50 


1) Jon, Prornikow. Photochemische Versuchstechnik. p. 273 (1912), 
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That the temperature coefficient for orthochlorobenzophenone is 
really somewhat higher than for benzophenone seems to us rather 
probable, but this can only be ascertained by more delicate measu- 
rements *). 

The independence of the concentration and the very small tempe- 
rature coefficient now enables us to continue following this very 
simple method in the quantitative investigation as to the influence 
of the ketone to be reduced as well as of the reducing alcohol. 


Influence of the alcohol. 


The alcohols, as described above, were carefully dried over calcium 
and, after distillation, poured at once into the tubes containing two 
grams of ketone. These were then sealed and exposed to the light. 

These tubes were suspended at such a distance that they could 
not interfere with each other. 

The subjoined table gives two series of experiments, the first series 
was exposed for three and the second one for six days: particularly 
during the first days it was sunny spring weather. 

What strikes us here in the first place is the agreement in the 
action of the alcohols 2—6; the secondary propyl alcohol gets 
oxidised somewhat more rapidly. the amyl alcohol a little more 
slowly. In the latter case a strong yellow coloration sets in. 

Very much smaller is the velocity of the pinacone formation in 
the case of methyl and allyl alcohol; as no interfering yellow 
coloration occurred here and as the conditions were moreover quite 
equal, this different behaviour must be attributed to the particular 
position these alcohols occupy. 

Although we cannot yet enter here into an explanation of the 
process, it is obvious that the reduction of benzophenone will proceed 
all the more readily when in the conversion of alcohol into aldehyde 
(or ketone) more energy is set free. 

The absolute extent of this energy is unknown to us, but still 
some thermic data point to the existence of a parallelism in the 


1) The remarkably greater reduction velocity in the jacketed as compared with 
that in an ordinary tube, must be attributed to the larger quantity of light which, 
owing to refraction in the jacket filled with water, falls on the inner tube. In fact 
nothing could be noticed of this inner tube when the tube was entirely filled; it 
looked as if the alcoholic solution has the width of the outer tube. In harmony 
with this observation, it appears that the ratios of the velocities in the four series 
namely 76:45, 70:44, 35:27 and 30:24 do not greatly diverge and are about 
equal to the proportions of the sections of the outer and inner tube 24; 16. 
(Compare Lurner and Welcert |. c. p. 391). 


oe 
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PAB LE HI 
list evel 2 gr. benzophenone in 25 cc. | Parente | Remarks 
1 methyl alcohol | 0.29 ar. 
2 ethyl alcohol 0.84 ,, 
3 n-propyl alcohol 0:85, faint yellow 
coloration 

+ sec. propyl alcohol 0 | 
5 n. butyl alcohol Ee en 

| ‚| _ strong yellow 
6 amyl alcohol (Bp. 130 -133 ) OL 1S 5; | Soro 
1 allyl alcohol fe: Oel 

2nd Series | | siete 
Lf methyl alcoho! 0.49 2E 4) 1.69 
Ze ethyl alcohol 1.46*- |; 1.74 
| yellow coloration 
Si n. propyl! alcohol Ae so tlie? not much Vie 
| | increased 

4’ sec. propyl alcohol aes Se) des | 1.58 
; | Il | i 
6 amyl alcohol (a. ab.) | denn 7e ye ae 1.40 
fie allyl alcohol MAK ARE a 1.68 


velocity of the reduetion and the extent of the difference of the 
molecular heat of combustion of aleohol and the correlated aldehyde 
(or ketone). 

The greater this difference the more energy will be represented 
by the hydrogen atoms playing a rôle in that transformation. 

As the heats of evaporation of the aleohols on one side and of 
the aldehydes on the other side do not sensibly differ and as all we 
require here are a few figures for comparison, a correction for this 
may be omitted here. We then find for these differences (according 
to data from the tables of LaNnporr-BÖRNstTEIN-Rorn). (See table IV.) 

The heat of combustion of acraldehyde is not known, neither 
that of formaldehyde. There is, however, a statement as to meta-_ 
formaldehyde: if from this one calculates the molecular combustion 
as if it were a monomeride, the difference amounts to 47 cal. As, 
however, this also includes the heat of polymerisation the difference 
is presumably considerably less than 47 calories, 
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TABLE IV, 
E Z | methyl alcohol—(meta)formaldehyde < 41.0 cal. 
2 5 | ethyl alcohol —aldehyde Ala os, | 
e E n. propyl alcohol—propionaldehyde | 20.0 „ | 
5 5 sec. propy! alcohol—acetone | 51 Os; | 
2 © | amyl alcohol (?)—valeraldehyde I | 


The two series of experiments of table III were started at the 
same moment, the first was investigated after three and the latter 
after six days; when the converted quantity of substance is proportional 
to the quantity of light and no secondary hindrances occur, the 
proportion of the quantities of pinacone at each of the numbers 
1:1’, 2:2’ ete. must be the same; these ratios have been inserted 
in the last column of the second series. 

We notice that this ratio is indeed almost constant except in the 
case of amyl alcohol, where a hindrance in the form of an increasing 
yellow coloration is distinctly observed. 


Influence of the ketone. 


The tubes were filled with solutions of one gram of ketone in 
50 ce. of absolute ethyl alcohol. Two series were exposed simulta- 
neously to the action of the light; the first was investigated after 
three, the second after six days. Some pinacones remain very long 
in supersaturated solution, hence the alcohol was always distilled 
off and the residue shaken with 80°/, alcohol so as to remove all 
unconverted ketone 

The subjoined table V gives the results obtained and the ratios of 
the velocities with those of the benzopinacone formation as unit. 

Table VI gives a similar double series; most of the ketones 
investigated here were not attacked. 

Table VIL gives a survey of the results obtained in amyl alcohol 
as solvent and as reducing agent. 

1st. The velocity of the pinacone formation, according to this 
survey, is greatly dependent on the nature and on the position of the 
substituent. As regards the nature, there is only one group (the 
methyl group on the two para-positions (N°. 7)) that appears to 
accelerate the reduction velocity somewhat, for the rest the substitution — 
causes a decrease in velocity. 

This decrease is strongest when the substituting group isa phenyl 
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1) These ketones had not entirely passed in solution in the alcohol. 


TABDE Ve 
Bl ; 5 Quantitiés ge pinacone He | Ratio | Ratio of the Re- 
No. Name of the ketone en | Senes le) Series | [Series Il, I) with that of 
| In grams In millimols. alte Ee ae unt 
l benzophenone 0.41 | 0.85 1.12 23 ||) 2005 1.— 
2 | 2 chlorobenzophenone 0.12 0.25 0.28 0.58 2.01 0.25 
3 | 3 chlorobenzophenone ? +010 — 0.23 -~- +0.1 (from II) 
4 4 chlorobenzophenone 0.32 | 0.75 0.74 Wei) 2.34 0.66 
5 | 4 methoxybenzophenone | 0.39 0.80 0:92 1.88 2.04 0.82 
6 | 4 methylbenzophenone | 0.41 0.86 1.04 2.18 2.09 0.93 
1 | 44’ dimethylbenzophenone | 0.48 0.95(off), 1.19 -- — 1.06 
8 | 4 bromobenzophenone 0.51 0.98(off), 1.— — —— 0.90 
91) | 44’ dichlorobenzophenone ? 0.73 — 1.45 — 0.63 (from II) 
10 | 22/44 tetrachlorobenzoph. 0.22 0.47 0.34 0.72 212 0.30 
11 | 2 chloro 4’ methyl P 0.27 0.55 0.58 1.18 2.03 0.52 
121) | 4 chloro 4’ methyl 5 0.19 0.70 0.41(?)| 1.50 3.66(?) 0.64 (from II) 
TABLE VE 
13 | benzophenone 0.85 0.98(off) 2.35 — — ! 
1141) | 4 phenylbenzophenone — — -- — — 0 
15 | phenyl-z-naphtylketone — — — — _ 0 
16 | phenyl-2- RE — — — _ — 0 
17 | 2 methylbenzophenone _ — a — — 0 
18 | 3 methylbenzophenone 0.80 0.96 (off) 2.03 oo — 0.89 
19 | 2424 tetramethyl „ — — — — — 0 
20 | fluorenone -- — — — — 0 
TABLE Vil Amyl alcohol as solvent. 
21 | benzophenone 0.75 0.97(off)) 2.05 
22 | 2 chlorobenzophenone 0.22 0.33 0.51 
23 | 4 chlorobenzophenone 0.65 0.96 1.49 
24 | 4 methylbenzophenone 0.74 0.96 (off), 1.88 
25 | phenyl «-naphthylketone — — — 
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group, because 4-phenylbenzophenone (14) and the two phenyl- 
naphthylketones (15 and 16) are not reduced. 

Halogen atoms and methyl groups do diminish the single substitution, 
but (with one exception) do not prevent the same. Para substitution 
has the least influence, ortho the greatest; this, however does not 
apply to the chlorobenzophenones (3), so that we-can hardly speak 
of a universal rule. 

The symmetry of the molecule seems to accelerate the velocity. 

Whereas the 4-methylbenzophenone has a smaller velocity than 
the benzophenone (5), the 4.4’-dimethylbenzophenone has a somewhat 
greater one. The fairly considerable decrease in velocity in the 
d-chlorobenzophenone (4) is not continued in the 44’-dichlorobenzo- 
phenone (9). In connexion with the considerable decrease in the 
2-chlorobenzophenone (2) that in the 2.2’.4.4’-tetrachlorobenzophenone 
(10) is unexpectedly high. 

A remarkable fact is the slight influence of the methyl group on 
the meta position (18) in regard to the great one of the chlorine atom (3). 

2d. Of more importance is the fact that the alcohol, the reducing - 
agent, is of very secondary significance as regards the ratio of the 
reduction velocities; this is shown from the comparison of tables 
V and VII. The ratio of the velocities in ethyl and amyi aicohol 
is practically the same. We have completed these observations with 
a few on methyl and propyl alcohol, selecting methy! aleohol because 
the velocities therein are generally much less, whereas o-chloro- 
benzophenone with benzophenone were compared as ketones, because 
the velocities in ethyl (and amyl) alcohol differ strongly. 

The subjoined table VIII gives a survey of the results. 


PAB LE Vill 
Sol. C‚HsOH, | Sol.CsH,,OH, | Sol. CH, OH, | Sol. nC3H7OH, 
Ist Series | _3rd Series || 4th Series 5th Series 
Quantity Quantity Quantity | Quantity 
in Ratio | in Ratio |; in Ratio || in Ratio 
m.mols | m.mols ‚m.mols m.mols 
Benzophenone | 2.32 | 1.0 2405 40 MY 4-01 1 2:03 14 
2 Chloros 0.58 | 0.25 051 KO. 25 0.46 | 0.24 1.08 | 0.27 
Lao po dy LE heal TS OBE Saar sao aa KOE 
4 methyl _,, 2:18 | 0:03 || ABS 0201 
phenyl «-naph- 
thyl ketone ° 0 0 0 


nn - a 
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First of all it follows from this constant ratio that the ketone is 
prominent in the photo-reaction, that this passes into a photo-active 
condition. Further, that the diverse ketones are activated in a 
perfectly analogous manner in such a way that either a number of 
molecules (the same for all ketones) become photo-active, which molecules 
then react with the alcohol with a velocity specifie for the ketone; 

or, a number of molecules specifie for each ketone becomes 
activated which, with a definite velocity which is independent of 
the ketone, dehydrogenises the alcohol. 

A choice from these alternatives can only be made by a further 
study of the photo-reaction. 


The active light of the ketone reduction. 

The first attempt to ascertain the position of the active light in 
the spectrum has been made by Ciamician and Sier *), They in- 
vestigated, for instance, the reduction of benzophenone and alcohol, 
employing two photo-filters. 

As a red photo-filler was used a cold saturated solution of fluo- 
rescein in alcohol (thickness of layer 15 mm.) which extinguishes 
all light to 0.510; by adding gentian-violet the absorption could 
be raised to 0.620 u. 

As a blue filter served a 10°/, solution of cobalt chloride in alcohol 
which transmits rays of a wavelength less than 0,480 u; a green 
band at + 0,560 w and a red one at + 770 u remain, however, 
unextinguished. They arrive at the result that all the reactions with 
which they were engaged, took place under the influence of blue 
light. We have used a larger number of photo-filters and carried 
out the research in jacketed tubes; the inner tubes were those which 
were used by us in the other experiments; the intervening space 
was 15 mm. Above the liquid in the jacket the outer tubes were 
covered with black lacquer, so that none but filtered light could 
penetrate into the inner tube. 

As photo-filters were selected : 

I. Red: aqueous solution of chrysoidin *), 

He rGreenis 5, n », potassium dichromate + acid green 
B. extra. ®) 
Blue and violet. 
HI. 10°/, aleoholie solution of CoCl,. 
IV. Cold saturated aqueous solution of erystal violet 5 B. O. ay 
ne i 9 5 „ acid violet 4 B. N. ?). 
VI. Solution of iodine in CCL. 


tj B. 35, 3593 (1902) 
2) Colouring matters from the “Gesellschaft f, chem. Ind. Basel”. 
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In agreement with that found by Criamician and SiBer for the red 
fluorescein filter we found that the filters I and II which only 
transmit red (690—598 wu) or red and green (> 500 uy) absorbed 
all actinic rays. 

Also V, which besides red rays of about 700 uu still transmitted 
blue and violet >> +483 nu, completely prevented the reduction in the 
inner tube. On the other band an important reduction took place with 
the filters I], IV, and VI which transmitted rays to the extreme, visible 


violet + 


400 uu. 


The series of experiments were conducted in this way that a set 
of four jacketed tubes with photo-filters were exposed to sun-light 
for some days in front of the white sereen: the results are contained 
in the subjoined table. 


TABLE IX, 
7 | | Quantity | 
: 6 Photo- of 
NOR Ketone in the inner tube filter | pinacone Remarks 
x | EREN: i id in gr. : nd 
Ist Series 
1 2 gr.benzophenone in 25 cc.C;H;OH I 0 
2 II 0 
entirely 
: It 2 converted 
4 IV 0.67 
2nd Series 
5 Ill 0.85 | From the com- 
parison of the 
6 V 0 figures for Ili 
and IV with the 
1 VI 0.48 | controlling tube 
with conduct- 
conduct- ivity water it 
8 ivity 1.28 | appears that 
water there always 
q takes place a 
TET RE ° ; partial absorpt- 
3rd Series ion of the actinic 
| rays; this, how- 
9 _\2gr. o-chlorobenzophenone Ill 0.33 | ever,isrelatively 
| | small and is pro- 
10 Vv 0 bably based on 
a general ab- 
11 VI 0.28 sorption, which 
| in a spectros- 
| (conduct- copic investigat- 
| 12 ivity 0.42 | ion was readily 
| 


water 


observed. 


Cr 
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Now with this method we can only get a very rough determination 
of the position of the active region, still it appears that the active 
rays are presumably situated in the violet and have a wavelength 
smaller than + 480 gu. In order to see whether in the beginning 
of the ultraviolet active rays were still present, a small jacketed 
tube was constructed from quartz, the alcoholic benzophenone solution 
was put into the inner tube and in the jacket a cold saturated 
solution of nitrosodimethylaniline') which absorbs all visible violet 
and blue rays and transmits ultra-violet ones of 400—280 uu. 

Neither in sun-light, nor in front of the quartz lamp did any 
reduction set in; from this we could conclude that the active rays 
were not situated in the ultra violet, but in the visible spectrum 
< 430 and > 400 uu. 

A fortunate incident now came to our aid when we were engaged 
in determining the correct position of the active light. 

We had noticed that the ketones were converted with compara- 
tively great rapidity into pinacones by means of the Hrerävs quartz- 
mercury lamp. 

The mercury spectrum must thus contain a great quantity of the 
chemically active rays. This spectrum exhibits a very intensive blue 
line at 436—434 uu and two violet ones at 407,8 wu and 404.7 up’). 

Photo-filter V completely removes the violet lines and leaves the 
blue ones unchanged; as this filter in sunlight as well as in front 
of the quartz lamp prevents all conversion of benzophenone as well 
as of o-chlorobenzophenone, and as we have noticed that the ultra- 
violet light of the lamp is inactive we may conclude that the active 
light for the photochemical reduction of the aromatic ketones is 
situated in the extreme end of the visible violet. 

The fact that the nature of the source of light has no principal 
influence on the reduction process is shown from the subjoined table, 
in which are given the ratios of the quantities of pinacone that are 
formed from diverse ketones when exposed either to sun-light or 
mercury-light. | 

The exposure to mercury-light was carried out by placing a solution 
of 0.5 gram of ketone in 15 ce of ethyl alcohol at a distance of 
5 em from and parallel to the quartz lamp and exposing these for 
10 hours; hence, the quantity of light was approximately the same 
for all ketones. | 

The close agreement of these ratios also renders it probable that 


1) Compare Prornikow etc. p. 19. 
2) LEHMANN, Phys. Zeitschr. 11, 1039 (1910). 


or 
~] 


Proceedings Roya! Acad. Amsterdam. Vol. XVII. 
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TABLE. 


| l iba | Quantity of pinacone on exposure | Quantity of 
| | to Hg light ‚__pinacone on 


ees ; — exposure to sun- 
No. Name of the ketone inlet light ee 
in grams benzopinacone | pinacone as 
as unit | unit 
1 benzophenone OFo0 | 1 
2 2 chlorobenzophenone 0.10 0.23 | 0.25 
3 4 chlorobenzophenone 0.30 | 0.70 | 0.66 
4 2 methylbenzophenone | 0 | 0 | 0 
5 4 methylbenzophenone 0.34 | 0.89 | 0.93 | 
6 phenyl z-naphthylketone 0 0 0 
| 7 fluorenone 0 0 : 0 | 


the active rays are situated for the greater part at 407.8 and 404.7 uu *). 
The action of light on murtures of ketones. 


The phenomena observed by us during the exposure to light of 
ketone mixtures in absolute alcohol divulged a very strong mutual 
influence. 

In order to better understand these observations, the following 
should precede : 

We have noticed that the chemically active light comprises a very 
limited part of the „spectrum, yet, therein are rays of different 
frequency and intensity. 

A. We can now suppose that each of the ketones present wants 
its own active rays without absorbing rays intended for the other 


ketone; then — as the pinacone formation is independent of the 
concentration — there will have formed in the tube with the mixture 


the sum of the quantities of pinacone that are formed in the separate 
tubes under the same conditions. 

Those quantities within certain limits must also be independent 
of the proportion of the concentrations of the ketones in the tube 
containing the mixture. | 


1) Presumably, the action is in a high degree selective, as a layer of 3 dm 40/, 
benzophenone in absolute alcohol certainly caused a very distinct fading of these {wo 
mercury lines, whereas nothing could be noticed of a curtailing or fading at the 
violet side of the arc lamp spectrum through that same liquid layer. We attach, 
moreover, not much value to this subjective observation, for only an accurate 
speetrophotometrie investigation of the absorption spectra of the ketones can 
properly determine the connexion between absorption and chemical action. 
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B. As soon, however, as rays for the one ketone are also con- 
sumed by the other one, the quantity of pinacone will be less than 
the sum in question and, moreover, the proportions of concentrations 
will no longer be a matter of indifference. 

For in the layer where the photo-reaction takes place each molecule 
of the one ketone requires a part of the light-energy also wanted by 
the second ketone, so that the lindrance experienced by the latter 
will become greater when its relative concentration gets less. 

C. The extreme case would be that both ketones require just 
the same rays; we should then obtain a quantity of each of the 
ketones which in equimolecular concentration is equal to half the 
quantity that forms in the tube with the separate ketone (always 
supposing that no other obstacles occur). 

The phenomena recorded by us are now best understood from 
the supposition B: a ketone does require specifie rays from its 
neighbour. Some of the observations approach to A, others to C, 
some even exceed this extreme case, showing that the action is 
more complicated than was at first supposed, as will appear from 
the subjoined tabulated survey. 


FABLE. XI 
Ist Solution of 2 gr. of o-chlorobenzo- ne Quantity 
Series phenone and varying quantities of aicobel pinacone Remarks 
No. | phenyl z-naphthylketone in gr. 
1 | 2 gr. o-Cl benzophenone pure 0.84 Se ESR 
u Va — . 
2 § -+0.1 gr. phenyl z-naphthylketone 0.30 52% g 25 
vv is} = 
3 5 0:25, 5 0.12 (ASSR 
S893 6 
4 \ ” 0.50 ” ” ” 0 = „SE 2S 
— 
5 ” in ” ” ” 0 ve S gv Me 
O's SO = 
ES gaa 
ig Oe 
| Os 0 
| LES mn AO 
2nd : | : 
a As above o-Cl benzophenone and varying Quantity 
patie quantities of o-methylbenzophenone pinacone Remarks 
1 2 gr. o-Cl benzophenone pure 0.37 
2 Ed + 0.1 gr.o-CH3benzophenone 0.36 
2 s + 0.25 4 | 0.30 , As above 
4 | a + 0.50 é | 0.26 | 
| | 
5 : ig : 0.15 — 
| ú | 
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We notice that when one of the ketones does not get reduced it 
exerts a very powerful retarding action on the reduction of the 
other ketone. 

This action, particularly with phenyl-a-naphtylketone is much 
more important than we should expect even in the extreme case C; 
besides the elimination of the chemically active rays, the molecules 
of the naphtylketone must cause an impediment, which may, perhaps 
be put on a par with the obstruction caused by oxygen in the 
photo-halogenations. 


TABLE XI. 
ea Reals El 388 e ie | 
| s ¥ 5 FG z = Ee TE 
| Solutions of various ketones, which are |= o © | bo 8 oh | SES | 
N f SEE S25 oe) o2s.| Remark 
reduced separately in 50 cc. solution. S65 | §3* SOS\eGa 
(One ZOE ITO IE Ore 
MARE ERE ee 
= AT = zn — a = SSS SS == 
© 
Sl ERE: 
is) 
1 2gr. benzophenone VSG, Ros a | — — | Boe. 
| | | =— U) nn? 
22> > + 2gr.o-Cl benzophenone | 2.31 4.16 Sexe 
| | 1} 2.37 38 vsa 
re > del» > legen | 3.46 Tes 
| | | ow o> 
ay i bee 
55 SE 
U) | ~ | +r 
1 | 2 gr. benzophenone 1:66 | 1.66.0 =S == eas § 
| | | Se ane 
2/2» > +2gr. p Clbenzophenone 2.18 ‚9,19 | s=sE 
| 2.76 1.2 | OSES 
302 > En > 1.69 | 3.19 Ee So 
| 2 mS, 
en DN ——- -- — - - SES 
ae | sian 
65 | ‚AES 
u) | | nog 
1 2gr. benzophenone 10485: | OQ R85: en ae 
| | | | DAS ow 
22 > + 2gr.pBrbenzophenone | 1.65 | 23.9 area E 
| 1.95 | 19.0 |vE5 
3 2 > » + 1 » » 1.05 | ile! | fa a 


From Table XII it appears that, in the case when both ketones 
are reduced, we have demonsirated a considerably less impediment 
than in the ease that one of them is not reduced. Still, there is 
always a negative influence, we obtain in all cases a quantity less 
than the sum of the quantities which we should have obtained in 
separate tubes; we are always dealing with case B. 

In this we notice the smallest mutual hindrance in the mixture 
of benzophenone and o-chlorobenzophenone, yet we notice plainly 
that the impediment increases when one of the ketones is present 


in large excess (18 series N°. 3) and that in such a case that present 
in the smallest amount is the most strongly impeded. Much more 
pronounced is the hindrance observed with mixtures of benzophenone 
and p. Cl- or p. Br-benzophenone; the sum of the pinacones remains 
here far below the calculated quantity. The halogen ketone has as 
a rule a stronger impeding action than benzophenone, for even in 
smaller quantities than the molecular ones (N°. 2 of the three series) 
the halogen pinacone in the mixture is predominant. Only with a 
considerable excess of benzophenone the halogen pinacone is repelled 
and mostly so in the cases where the greatest hindrance is present 
(compare N°. 3 of the three series). 

We thus find in rough traits what we could expect; there occur, 
however, particularly when one of the ketones is not reduced 
separately, such great hindrances that they cannot be satisfactorily 

TABLE ZH. 


Quantity | Quantity of 


Contents inner tube Contents outer tube | : 
ind me pinacone pinacone in the 


N?.|2 gr. benzophenone in| 50 cc. abs. alcoholic k ‘inner tube with 
at | 38 Y the blank tube 
20 ec. abs. aleohol | solution of 4 grams: (EE g ae it 
ZE | / 
B | | 
WY | | 
1 alcohol (blank-exper.) | 0.64 size | 1.— 
2 p CH; benzophenone | 0.28 | 0.66 | 0.44 
3 oCl benzophenone ‚0.18 | 0.19, 0.28 
4 phenyl naphthylketone trace | 0 | trace 
| | | 
ar a ETA Ai Pier eal ORE 
kek | | 
Sh | | 
ND | 
1 alcohol (blank-exper.) | 1.05 — | 1. | 
2 | o CH3 benzophenone | 0.50 dl 0.48 
1 # | phenyls-naphthylketone 0.28 0 0.27 
4 | fluorenone 0 0 0 
| | | 
AI EET At owe) ? ? 4 | 
Mole | 
dn | 
03 S| 
1 alcohol (blank-exper.) | 0.79 — 1.— 
es p Br benzophenone | 0.42 1.18 | 0.54 
| 3 | | p Cl benzophenone 0.38 | 0.83 | 0.47 | 
| 4 | benzophenone 0.29 | 0.93 | 0.37 | 
| U 
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explained in the above cited manner. There seems to be a connexion 
here between the extent of the impediment and the non-appearance 
of the photo-reduction. 

Now, in order to eliminate the hindrance which might eventually 
take place owing to the mixing, the oft-quoted jacketed tubes were 
filled in such a manner that in the inner tube was always inserted 
a definite ketone and in the jacket diverse other ketones. 

The light then first traversed a = 2 mm. thick layer of a ketone 
then to exert its action on the benzophenone; in this way we could 
form a better opinion as to the absorption of rays of light by the 
one ketone (in the jacket) which were needed for the other ketone 
(in the inner tube). 

There exists no doubt that a// ketones absorb actinic rays intended 
for the benzophenone; the degree of this absorption is certainly 
very different and specific. 

The ketones which were attacked in the jacket were, during the 
experiment, reduced in concentration, so that the conditions for the 
reducing of the benzophenone in the inner tube gradually became 
more favourable; this causes, however, that we can only consider 
as fairly comparable the experiments where no reduction takes place 
in the jacket. Hence, a few ketones have been placed in the jacket 
in benzene solution whilst in the inner tube was again present a 
solution of 2 grams of benzophenone in 20 ee. of absolute alcohol; 
the following result was thus obtained: 


TABLE XV, 
| In the inner tube In the jacket a | Quantity of | 
N°.| 2 gr. (CgH;)2CO | N/4 benzene solu- pinacone in the | Remarks 
in 20 cc. abs. alc. tion of | inner tube. | 
f | 
| | 
1 ieee (blank) A Be i oes | 
| | | | The benzene 
2 | benzophenone | 0.45 | 0.34 |" Pentone 
jacket was al- 
3 | o-chloro » 0.53 | 0.40 | | ways coloured 
En 5 | pale yellow 
| 2 | E Ee LEE | which colour 
rey c | | ‚| again faded in 


|. | | | 


It appears that several ketenes absorb rays of light which effect 
the benzophenone activation, even when they are dissclved in 
benzene. 

The reversible yellow coloration of this benzene solution, however, 
tells us to be careful, for the activated ketone can form with benzene 
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a light-screen, thus causing the absorption effect to be greater than 
when the ketone had been present in alcoholic solution. 

In each case a circumstance occurs owing to which the phenomenon 
becomes more complicated, so that from these last experiments we 
may at most draw the conclusiun that rays of light are indeed always 
absorbed by the one -ketone, which the other required for the oxidation 
of alcohols. 


The most powerful absorbing ketones appear mostly — but not 
always — to oxidise the alcohol slowly or not at all, so that we 


gain the impression that a liberal absorption does take place, but 
that the possibility of the setting in of a reaction and its velocity 
does not only depend on the alcohol, but in a great measure on 
the ketone. 

It speaks for itself that the experiments on this almost quite 
unexplored region can only bear a very provisional character ; still 
we believe we have attained, with very simple means and methods, 
some results which will prove of importance for the insight into 
the photochemical reactions. 

For the moment, however, we wish to refrain from an attempt to 
explain the phenomena observed until more accurate spectrophoto- 
metric data are at our disposal. 


SUMMARY. 


I From aromatic ketones and alcohol are formed, in the light, 
exclusively pinacones ; these latter are, therefore, the products 
to be first isolated in the reduction. Hydrols are, in the reduct- 
ion of the aromatic ketones, always formed secondarily (see 
Proc. XVI 91 and 962) either from the pinacones or from 
the primarily formed half pinacone molecules. 

Il 1. The photo-reduction of the ketone by alcohols was studied 
by exposing simultaneously to the light a set of tubes of 
equal dimensions and filled with equal quantities of liquid, 
thus causing the light-quantity (i.t) for each object of a 
serial experiment to be equal. 

2. The velocity of the pinacone formation appeared to be inde- 
pendent of the concentration of the benzophenone and propor- 
tional to the concentration of the alcohol. Hence, it satisfied 
the equation : 

d pinacone 


dt 


= KL. [alcohol] and, therefore, the reaction scheme: 


2 ketone + alcohol = pinacone + aldehyde. 
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3. The temperature coefficient was small: 1.06—1.11 for 10°. 

4. The velocity of the pinacone formation is greatly dependent on 
the alcohol; for instance, the methyl aleohol and the allyl 
alcohol were oxidised much more slowly than other primary 
and secondary alcohols. 

5. The velocity of the pinacone formation is eet dependent 
on the ketone, the benzophenone is attacked rapidly, most of 
the ketones as yet examined less rapidly, many not at all. 

6. The ratio of these velocities in different aleohols is constant. 

7. The active light of the ketone reduction is sure to be situated 
in the spectrum between 400 and 430 uu and very probably 
in, or adjacent to, the rays 404.7 and 407.8 of the mercury 
quartz lamp. 

8. The ratio of the velocities of the pinacone formation in sun- 
light and in mercury light is the same. 

9. When two ketones are present simultaneously one of them 
absorbs a part of the rays required by the other ketone; this 
also appears when the light passes through a solution of the 
one ketone and falls on that of the other. 

Particularly in the case of the powerfully absorbing ketones 
the hindrances are stronger than was to be expected. 

Delft, October 1914. 


Physics. — “Simplified deduction of the formula from the theory 
of combinations which PLANCK uses as the basis of his radiation- 
theory.” By Prof. P. Exrenrest and Prof. H. KAMERTLINGH ONNes. 

(Communicated in the meeting of Oct. 31, 1914). 


We refer to the expression 
ww (Nel Py 
CASS (4) 
Pp PKN—1)! 
which gives the number of ways in which .V monochromatic reso- 
nators A&,, Lt... Ry may be distributed over the various degrees 
of energy, determined by the series of multiples 0, ¢, 2e... of the 
unit energy ¢, when the resonators together must each time contain 
the given multiple Pe. Two methods of distribution will be called 
identical, and only then, when the first resonator in the one distri- 
bution is at the same grade of energy as the same resonator in the 
second and similarly the second, third,.... and the Nt resonator 
are each at the same energy-grades in the two distributions. 
Taking a special example, we shall introduce a symbol for the 
distribution. Let VW = 4, and P=7. One of the possible distributions 
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is the following: resonator ft, has reached the energy-grade 4e (R, 
contains the energy 4e), R, the grade 2e, R, the grade Oe (contains 
no energy), A, the grade ¢. Our symbol will, read from left to right, 
indicate the energy of R,, A, R,. R, in the distribution chosen, and 
particularly express, that the total energy is 7e. For this case the 
symbol will be: 


[2220224004 


or also more simply: 


eer Oee OO || 


With general values of V and P the symbol will contain P times 
the sign & and (V—1) times the sign O'). The question now is, 
how many diferent symbols for the distribution may be formed in 
the manner indicated above from the given number of ¢ and O? 
The answer is 


MET EP) 
P(N—1)! * 


Proof: first considering the (V—1- P) elements e...e, 0...0 
as so many distinguishable entities, they may be arranged in 


REA Roe See eS 
different manners between the ends ae Next note, that each time 


NEARS PIN EEE celia Sg RE 


(1) 


of the combinations thus obtained give the same symbol for the 
distribution (and give the same energy-grade to each resonator), viz. 
all those combinations which are formed from each other by the 
permutation of the P elements ¢ 7’) or the (W—41) elements O. The 
number of the different symbols for the distribution and that of the 


1) We were led to the introduction of the (N—1) partitions between the MN 
resonators, in trying to find an explanation of the form (V — 1)! in the denomi- 
nator of (A) (compare note 1 on page 872). PrancK proves, that the number of 
distributions must be equal to the number of al! ‘‘combinations with repetitions 
of N elements of class P” and fur the proof, that this number is given by the 
expression (A), he refers to the train of reasoniug followed in treatises on com- 
binations for this particular case. In these treatises the expression (A) is ariived 
at by the aid of the device of “transition from ton +1”, and this method taken 
as a whole does not give an insight into the origin of the final expression. 

2) See appendix, 
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distributions themselves required is thus obtained by dividing (2) by 
Cyqre id). 


ABP EN Dex 


The contrast between PraNok’s hypothesis of the energy-grades and 
EINSTEIN’s hypothesis of energy-quanta. 


The permutation of the elements e is a purely formal device, just as the per- 
mutation of the elements O is. More than once the analogous, equally formal device 
used by PLANCK, viz. distribution of P energy-elements over N resonators, has by 
a misunderstanding been given a physical interpretation, which is absolutely in 
conflict with PLANCK’s radiation-formula and would lead to Wren’s radiation formula. 

As a matter of fact PLANCK’s energy-elements were in that case almost entirely 
identified with Erysrery’s light-quanta and accordingly it was said, that the difference 
between PLANCK and EINSTEIN consists herein that the latter assumes the existence 
of mutually independent energy-quanta also in empty space, the former only in 
the interior of matter, in the resonators. The confusion which underlies this view 
has been more than once pointed out ®). EINSTEIN really considers P similar quanta, 
existing independently of each other. He discusses for instance the case, that they 
distribute themselves irreversibly from a space of NV, cm over a larger space of 
Ny em? and he finds using BoLTzMAn’s entropy-formula: S= klog W, that this 
produces a gain of entropy ?): 


UNS Ee 
S— 8, = blog (57 ] a gk Oe he OR 
1 


1) It may be added, that the problem of the distribution of N resonators over 
the energy grades corresponds to the following: On a rod, whose length is a mul- 
tiple Pe of a given length -, notches have been cut at distances ¢, 2e, etc. from 
one of the ends. At each of the notches, and only there, the rod may be broken, 
the separate pieces may subsequently be joined together in arbitrary numbers and 
in arbitrary order, the rods thus obtained not being distinguishable from each other 
otherwise than by a possible difference in length. The question is, in how many 
different manners (comp. Appendix) the rod may be divided and the pieces distri- 
buted over a given number of boxes, to be distinguished from each other as the 
Ist 2nd,.... Nth, when no box may contain more than one rod. If the boxes, 
which may be thought of as rectangular, are placed side by side in one line, they 
form together as it were an oblong drawer with (N—1) partitions, formed of two 
walls each, (comp. the above symbol in its first form, from which the second 
form was derived by abstracting from the fact, that each multiple of « forms one 
whole each lime), and these double partitions may be imagined to be mutually 
exchanged, the boxes themselves remaining where they are. The possibility of this 
exchange is indicated by the form of the symbol chosen. 

As a further example corresponding to the symbol we may take a thread on 
which between P beads of the same kind, (N—1) beads of a different kind are 
strung, which divide the beads of the first kind in a Ist, 2nd... Nth group. 

*) P. ErRENFesT, Ann. d. Phys. 36, 91, 1911, G. KrurKow, Physik. Zschr. 15, 
133, 363, 1914. 

5) A. EINSTEIN, Ann. d. Phys. 17, 132, 1905, 
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Le. the same increase as in the analogous irreversible distribution of P similar, 
independent gas-molecules, for the number of ways in which P quanta may be 
distributed first over Ny, then over Ny cells in space, are to each other in the ratio 
NEE NE ; (3) 
If with PrLANcK the object were to distribute P mutually independent elements 
s over NV resonators, in passing from AN, to Ns resonators the number of possible 
distributions would in this case also increase in the ratio (.-) and correspondingly 
the entropy accord.ng to equ.tion (4). We know, however, that PLANCK obtains 
the totally different formula 
ie Py Wte 
(N,—1)! PL (N-I! PI () 
(which -only coincides approximately with (@) for very large values of P) and a 
corresponding law of dependence of the entropy on N. This can be simply 
explained as follows: PLANCK does not deal with really mutuaily free quanta «, 
the resolution of the multiples of ¢ into separate elements s, which is essential in 
his method, and the introduction of these separate elements have to be taken 
“cum grano salis”; it is simply a formal device entirely analogous to our permut- 
ation of the elements « or O. The real object which is counted remains the number 
of all the different distributions of N resonators over the energy-grades O,¢, 2, … 
with a given total energy P:. If for instance P= 3, and N=2, Einstein has to 
distinguish 2% —8 ways in which the three (similar) light-quanta A, B, C can be 
distributed over the space-cells 1, 2. 


Hr | 1 ae Î 
2 


TE iet 2 
VAIS avant | 
Vine 2 1 2 
A 1 
Vile 22 oe 


PrarcK on the other hand must count the three éases Ii, IL and V as a single 
one, for all three express that resonator Ay is at the grade 2, Ry ate; similarly 
he has to reckon the cases IV, VI and VII as one; A, has here ¢ and R 2e. 
Adding the two remaining cases [ (, contains 3e, R, Oe) and II (R, has Oe, Ry 3e) 
one actually obtains 

(N--1--P)!/ (2—1+83)! 
(N= By Peo STE MER 
different distributions of the resonators #,, R, over the energy-grades. 

We may summarize the above as follows ; EINSTELN’s hypothesis leads necessarily 
to formula (z) for the entropy and thus necessarily to WrieN’s radiation-formula, 
not PLANCK’s PLANCK’s formal device (distribution of P energy-elements < over 
N resonators) cannot be interpreted in the sense of EtnstErn’s lignt-quanta. 


(December 24, 1914). 


KONINKLIJKE AKADEMIE 
VAN WETENSCHAPPEN 
-- TE AMSTERDAM -:- 


PROCEEDINGS OF THE 
SECTION OF SCIENCES 


VOLUME XVII 
( — IST PART — ) 


JOHANNES MULLER :—: AMSTERDAM 
: DECEMBER 1914: 


ora x 


PAE Ke 


a 


# cae ot Jy 


‘ 


- 


_ (Translated from: Verslagen van de Gewone Vergaderingen der Wis- en Na t 
kundige Afdeeling van 30 Mei 1914 tot 5 November 1914, DI. XXIII) | 


~ 5: 


DRUKKERIJ DE STANDAARD || 
AMSTERDAM 


” 


Wijn 
ki) 


hili 


yaks 4 } 
MANET 
i" ig 
x 

re 


ae. 


“bas 
») 


if ol 
ok, 
ad ‚A hy 

De i! 


Cry 
al 


j ff 


y 


tacks 7) 


pS 


Adele er 
hd 5 


‚A 


Ve 


